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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF OKLAHOMA

STATE OF OKLAHOMA, ex rel. )
W.A. DREW EDMONDSON, in his )
capacity as ATTORNEY GENERAL OF )
THE STATE OF OKLAHOMA and )
OKLAHOMA SECRETARY OF THE )
ENVIRONMENT C. MILES TOLBERT, )
in his capacity as the TRUSTEE FOR )
NATURAL RESOURCES FOR THE )
STATE OF OKLAHOMA )

)
Plaintiffs, )

)
vs.             ) Case No. 4:05-cv-00329-GKF-SAJ

            )
1. TYSON FOODS, INC., )
2. TYSON POULTRY, INC.,             )
3. TYSON CHICKEN, INC.,             )
4. COBB-VANTRESS, INC., )
5. AVIAGEN, INC., )
6. CAL-MAINE FOODS, INC., )
7. CAL-MAINE FARMS, INC., )
8. CARGILL, INC., )
9. CARGILL TURKEY )
                        PRODUCTION, LLC., )
10. GEORGE’S, INC., )
11. GEORGE’S FARMS, INC., )
12. PETERSON FARMS, INC., )
13. SIMMONS FOODS, INC., and )
14. WILLOW BROOK FOODS, INC., )

)
Defendants. )

EXPERT REPORT OF DR. CHRISTOPHER M. TEAF

Qualifications & Experience
1. My name is Dr. Christopher M. Teaf.  I am over 18 years of age and am
competent to testify.  All opinions presented in this statement reflect personal
knowledge based on information and data that I have reviewed in this case.  All
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opinions presented in this affidavit are given to a reasonable degree of scientific
certainty.

2. My educational background includes a Bachelor’s degree in Biology (with
Honors) from Pennsylvania State University (1975), a Master’s degree in Biological
Science from Florida State University (1980), and a Ph.D. in Toxicology from the
University of Arkansas for Medical Sciences (1985), where I conducted my research at
the Division of Genetic Toxicology, National Center for Toxicological Research
(Jefferson, Arkansas).

3. I presently hold positions as Associate Director at the Center for Biomedical &
Toxicological Research and Waste Management at Florida State University (since 1983),
as well as Director of Toxicology for Hazardous Substance & Waste Management
Research, Inc. since 1985 (President since 1989).  I have held adjunct teaching
appointments at the Florida State University/State University System Program in
Medical Sciences and the Florida A & M University College of Pharmacy and
Pharmaceutical Sciences.

4. My ongoing research and scientific advisory interests principally are in the area
of health risk assessment for human exposure to occupational and/or environmental
chemical, physical and biological hazards.  My principal activities for approximately 25
years have included the performance of risk assessments concerning human health and
the evaluation of adverse effects of chemical, physical and biological exposures under
the requirements of the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA, Superfund), Superfund Amendments and Reauthorization Act
(SARA), the Resource Conservation and Recovery Act (RCRA), the Toxic Substances
Control Act (TSCA), the Occupational Safety and Health Act (OSHA), and other related
federal or state legislation.  These professional activities over three decades have
involved the evaluation of potential human health impacts of many organic substances
(e.g., petroleum products, pesticides, chlorinated and non-chlorinated chemicals), as well as
inorganic and/or physical agents (e.g., acids/caustics, metals, particulates, fibers), and
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microbiota (e.g., molds, fungi, bacteria) in air, water, soils sediments and other
environmental media.

5. For over two decades, I have served as a peer reviewer for publications
submitted to numerous scientific journals, including Human & Ecological Risk
Assessment, Environmental Forensics, Environmental Toxicology & Chemistry,
Chemosphere, Bulletin of Marine Science, Ohio Journal of Science, Journal of
Phytoremediation, and Environmental Biology of Fishes, as well as for reviews of
research submitted to the Agency for Toxic Substances and Disease Registry (ATSDR)
and the World Health Organization (WHO).  I presently serve on the Editorial Boards
for several of these scientific journals, and am the Senior Human Health Editor for
Human & Ecological Risk Assessment, an international journal.  I have published many
scientific papers, articles and book chapters concerning toxicological effects and risk
evaluations related to occupational and environmental exposures and effects.  A
complete copy of my Curriculum Vitae, including publications, is included as
Attachment B to this report.

6. For approximately 25 years, I have directed and conducted research projects and
human health education activities for agencies such as the World Health Organization
(WHO), the North Atlantic Treaty Organization (NATO), the U.S. Environmental
Protection Agency (U.S. EPA), the U.S. Department of Energy (U.S. DOE), the U.S.
Department of Agriculture (U.S. DOA), the federal Agency for Toxic Substances and
Disease Registry (ATSDR), the Florida Department of Environmental Protection
(FDEP), the Florida Department of Health (FDOH), and the Florida Department of
Community Affairs (FDCA).

7. I served as Toxicologist representative to the Toxic Substances Advisory Council
for the Florida Department of Labor and Employment Security, the agency responsible
for implementation of the Florida Right-to-Know Law, from 1990 to 2000, and I was
Chair of that group from 1992 to 1996.  I serve presently as a member of the Advisory
Board of the Center for Terrorism and Public Health within the Florida State University
College of Medicine.  I served as toxicologist to the Florida Governor’s Financial and
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Technical Advisory Committee concerning petroleum site remediation issues from
1986-1992, and also as toxicologist representative to the Florida Landfill Technical
Advisory Group (1994-1995) for FDEP.  I presently serve as Toxicologist representative
to the state Petroleum Technical Advisory Committee.  In addition, for nearly 20 years I
have been toxicologist representative, appointed by the Secretary of the FDCA, and
have served for a period of time as Vice-Chairman of the District 2 Local Emergency
Planning Committee under the State Hazardous Materials Emergency Response
Commission.  I was the appointed liaison for the State University System Toxicological
Research Coordinating Committee and the (then) Florida Department of Environmental
Regulation (FDER) from 1986-1989.

8. Since the late 1970's, I have organized and participated in many full length
graduate and undergraduate level academic courses, multi-day technical training
courses and seminars for organizations such as the NATO, the WHO, the American Bar
Association, U.S. EPA, U.S. DOA, FDOH, Florida Engineering Society, Florida Hospital
Association, FDEP, State Fire Marshal’s Office, National Hazardous Materials Training
Center, Florida State University, University of Florida, Florida A&M University,
Georgia Institute of Technology, and the ATSDR.  These technical courses and
educational activities have included: issues of occupational/environmental chemical or
biological exposures and public health (including toxicology and effects of occupational
or environmental exposures), risk assessment, risk management, the implementation of
health advisories for physicians, and ongoing health concerns regarding environmental
contamination and occupational exposure situations in Eastern Europe (e.g., Bulgaria,
Czech Republic, Hungary, Poland), in Central Asia (e.g., Kazakhstan), and in Russia.  I have
organized, coordinated and taught many 40 hour and 8 hour training courses on health
and chemical safety issues related to OSHA requirements for the public and private
sectors.

9. I have provided advisory services on toxicology, risk assessment, and health or
environmental issues to the U.S. Attorney, the Florida State Attorney’s Office and the
Attorneys General for Florida, Washington, and Oklahoma.  I have been qualified to
provide expert testimony to federal and state courts, to administrative proceedings, and
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to regulatory or legislative groups concerning toxicology, environmental chemistry,
occupational exposures, human health effects of chemical substances, and health risk
assessment since 1986.

Retention and Preparation
10. I have been retained in this case by the State of Oklahoma to provide technical
analysis and opinions in the areas of toxicology and human health for issues associated
with the land application of poultry waste within the Illinois River Watershed (IRW).
Specifically, this report addresses health hazards related to bacteria and indicator
organisms, to disinfection byproducts, including trihalomethanes (THMs) and
haloacetic acids (HAA5s), and to cyanobacteria (also known as blue-green algae or
BGA).  In preparing my opinions in this case, I have reviewed many documents,
reports, datasets, and scientific literature.  Materials that I have reviewed are cited
herein as appropriate or are included in my formal document production in this matter.

Impairments and Health Hazards in the Illinois River Watershed (IRW)
11. There are demonstrated historical and ongoing hazards and impairments
associated with surface water and groundwater in the IRW.  These include adverse
conditions caused by “pathogens” (e.g., bacteria, viruses, and protozoa as included in
the definition and application of the “indicator organisms” element of water quality
criteria for Oklahoma and many other states), harmful blue-green algae (cyanobacteria),
and chemical disinfection byproducts (i.e., trihalomethanes [THMs] and haloacetic acids
[HAA5s]).  The Illinois River and most of its tributaries, which include the Baron Fork
and Flint Creek among others, historically have been classified by the State of
Oklahoma as outstanding water resources for purposes of recreation, wildlife
propagation and aesthetic values (OCC, 2004).  These hazards and impairments that are
present in numerous Illinois River Watershed streams demonstrate conditions that limit
the designated uses of the water resources, and they represent an imminent and
substantial endangerment to human health.
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12. In 2003, the Oklahoma Secretary of the Environment issued a formal report
stating that the general health and the water quality of the Illinois River were
endangered by pollution from stormwater that runs off from poultry operations or from
fields on which waste has been spread (OSE, 2003).  Additionally, Engel (2008)
developed an approximate poultry waste generation (tonnage) amount for each of the
Defendants on a monthly basis, an annual basis, as well as the entire time frame of 1998-
2006.  His conclusions were that the vast majority of poultry waste generated inside the
IRW is disposed inside the IRW, and that a significant amount of poultry waste
generated outside of the IRW is disposed inside the IRW as well.  Fisher (2008) has
reviewed the geology and hydrology of the IRW and has concluded that the IRW is an
area of high permeability and that groundwater is particularly susceptible to impact by
surface contamination, including land-applied poultry waste.  He also has provided
estimates of the timing of poultry waste application during the year.  Harwood (2008)
has addressed a number of critical issues related to bacterial occurrence, origin and
significance, concluding that poultry waste poses significant health issues for river
users in addition to posing serious environmental problems for the entire IRW.
Through various matrix samples, Harwood identified a unique bacterial biomarker
which indicates that IRW contamination can be linked specifically to poultry operations
and poultry waste land disposal practices.

13. Olsen (2008) has addressed a variety of chemistry and data collection issues to
characterize impacts to the IRW, and has demonstrated by evaluating metals, nutrients,
other analytes, physical measurements, and indicator organisms, a unique poultry-
related chemical “signature”.  Through his analyses, he concluded that the “signature”
has been and is present in environmental samples collected throughout the IRW.  Olsen
makes the additional distinction that the unique poultry “signature” in surface water is
not found in the absence of poultry operations. In addition, statistical measures of
common presence for a variety of analytes and microbiota (e.g., Principal Component
Analysis or PCA) have been addressed by Olsen (2008).  Those measures support a
conclusion that the bacterial impacts are related to, and occur coincident with, land
application of poultry waste, including manure and litter (CDM, 2008).
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14. Cooke and Welch (2008) have reviewed extensive data from the IRW and from
Lake Tenkiller, a drinking water reservoir and recreational resource, concluding that the
production of algal biomass in Tenkiller Reservoir (also known as Lake Tenkiller and
Tenkiller Ferry Lake) is significantly correlated with the changes in total phosphorous
and that the mean eutrophic state has ranged from mild to very eutrophic in recent
years.  The eutrophic conditions have bred and continue to breed blue-green algae
which, in addition to causing nuisance tastes, odors, and toxins in potable water,
contribute to the production of potentially carcinogenic disinfection by-products during
the treatment process of potable water supplies.  Caneday (2008) has evaluated
recreational usage of the Illinois River and its tributaries, and has provided estimates of
users and temporal distribution of recreational activities during the year.  Stevenson
(2008) has evaluated nutrient concentrations in the IRW and determined the
concentrations to be higher than many other regions, as well as being directly related to
poultry house densities located in the watershed.  He also concluded that nuisance algal
biomass as well as modifications in aquatic species composition were related to poultry
house densities, coupled with Total Phosphorous (TP) concentrations.

15. The following sections provide information which illustrates why the observed
hazards and impairments can be and are harmful to human health, and how those
hazards and impairments are linked to the process of land spreading of poultry waste
in the Illinois River Watershed.

Bacteria
16. There are currently nine water bodies within the Oklahoma portion of the IRW
that are identified by the Oklahoma Department of Environmental Quality (ODEQ) and
listed on the 2006 U.S. EPA 303(d) list as “impaired” for the beneficial use defined as
Primary Body Contact Recreation (PBCR; Table B1, Figure B1) as a result of bacteria and
indicator organisms, including E. coli, enterococci, and/or the fecal coliforms (ODEQ,
2006a).  It should be noted that one segment (OK 121700030080) of the Illinois River
inadvertently was omitted from the 2006 Oklahoma U.S. EPA 303(d) list comprised of 8
segments, an oversight which subsequently has been corrected (ODEQ, 2008).  That
omission represented a 31.5-mile stretch on the main stem of the Illinois River where a
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large amount of intensive aquatic recreational activity on the river takes place
(Caneday, 2008).  With the inclusion of that 31.5-mile segment, over 75% of the main
stem of the Illinois River and its major tributaries is considered to be “impaired” for the
category of “pathogens” (Figure B1), due to the presence of fecal indicator organisms,
including bacteria.

17. The U.S. EPA 303(d) List is prepared on a biennial basis as an ongoing obligation
under the 1972 amendments to the Clean Water Act and requires states to compile a list
of water bodies that are “impaired” for various parameters, and to submit updated lists
of the impaired water bodies to the U.S. EPA every two years (ODEQ, 2006a).  The U.S.
EPA 303(d) list defines an “impaired” water body as one which does not meet the state
water quality standards, in this case the applicable standards are those related to
Primary Body Contact Recreation with surface water.  The presence and magnitude of
microbial indicator organisms, as used in the context of impairment determinations, are
commonly used and widely accepted measures of the potential for presence and health
significance of pathogens, including bacteria, viruses and protozoa (Toranzos et al.,
2002; WHO, 2003; NRC, 2004; EPA, 2005; Wade et al., 2006).

18. For the Oklahoma portion of the Illinois River’s main stem and its major
tributaries, approximately 77% is listed on the EPA’s 2006 303(d) list.  With respect to
individual segments, the entire lengths (100%) of Sager, Tyner, Peacheater, and Flint
Creek are designated as impaired.  The Baron Fork is 66% impaired and Tahlequah
Creek is 77% impaired (Figure B1).  Caney Creek was taken off the 2006 303(d) list;
however, water samples from the IRW segment, still show regular exceedances of
indicator organisms, for which that water body failed several pathogen criteria in 2004
and 2002.  It is important to note, however, that segments which are listed on the 303(d)
impaired list, are not the only surface water sites within the IRW with exceedances of
health-based water criteria.  In addition, multiple detections of fecal indicator
organisms have been found in Edge-of-Field samples, soils and sediments samples and
other creeks/streams located in the IRW.
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19. Throughout the Oklahoma portion of the IRW, land use designation primarily
falls into one of two categories: forest or pasture (EPA, 2001a).  Urban impacts are
minimal in the Oklahoma portion of the watershed, with only three permitted National
Pollutant Discharge Elimination System (NPDES) locations present, coupled with low
human population densities in the Oklahoma portion of the IRW (EPA, 2007b).  All
three of these locations are present either far down on the Illinois River (i.e., Tahlequah)
or they are located on downstream tributaries (e.g., Baron Fork and Caney Creek).
Their impacts are further limited due to the relatively low permitted discharge rates,
ranging from 0.28 to 5.27 million gallons per day (MGD; Table B3).  Sewage bypasses
and overflows are not significant sources of contamination under normal conditions.
The Waste Water Treatment Plant’s (WWTPs) in the IRW are all separate sewage
systems (SSS’s) which do not combine untreated waste with stormwater runoff, thus
should not be as heavily impacted by large rain events as a combined sewage system
(CSS) would be.  Finally, the permitted bacterial limits are restrictive, thus controlling
the total amount of bacteria that can be released from the systems.

20. Contamination of surface water and groundwater supplies by bacteria has long
been recognized as a human health concern in the United States and around the world.
The 1986 U.S. EPA Ambient Water Quality Criteria for Bacteria provided historical context
and recommendations concerning appropriate guidelines for microorganisms (U.S.
EPA, 1986).  Subsequent refinements and updates to that guidance are represented by
the Implementation Guidance for Ambient Water Quality Criteria for Bacteria (U.S. EPA,
2003).  This health-based guidance fits into the operable “fishable/swimmable” goals of
the Clean Water Act, which specifically requires that water quality standards must
“protect the public health and welfare, enhance the quality of water, and serve the
purposes of this Act.”

21. Microbiological contamination of water can be caused by bacteria, viruses,
protozoa and other related organisms.  The number and diversity of these potential
contaminants has resulted in the development of practical assessment and protection
strategies which employ “indicator organisms” as a surrogate for the quantification of
specific species in water bodies (Barrell et al., 2000; U.S. EPA, 2003; National Research
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Council, 2004).  These indicator organisms, such as Escherichia coli (E. coli), enterococci,
and fecal coliform bacteria, may not cause illness directly, but they have demonstrated
characteristics which make them reliable indicators of other harmful pathogens in water
(Wade, 2006).  Although the most commonly reported illnesses associated with bathing
in contaminated water typically are gastrointestinal in nature, other illnesses and
conditions affecting the eyes, ears, skin and upper respiratory tract can occur as well.
Essentially all local, state, and national health agencies employ one or more of the
indicator organisms in their water quality management programs, and this is true
internationally as well (WHO, 2000; EPA, 2003).  Thus, there is consensus that the
presence of these indicator organisms at levels greater than the health-based criteria or
standards represents a human health threat.

22. The 2003 U.S. EPA Implementation Guidance cited previously, provided detailed
information regarding the basis for the environment and health agency
recommendations, including discussions on the epidemiology of microbiological
disease related to water uses such as swimming, kayaking, water skiing, and other
activities where direct contact and immersion in the water are likely.  For E. coli, a
geometric mean density of 126 organisms per 100 milliliters (ml) of water over a 30-day
period was associated with an illness rate of 0.8%, or 8 illnesses per 1,000 recreational
users.  As a short-term measure, this 0.8% illness rate was associated with bacterial
counts of 236 per 100 ml as an upper limit.  For the enterococci, a geometric mean of 33
organisms per 100 ml and an upper limit of 62 organisms per 100 ml were associated
with the 0.8% illness rate (OAC, 2007).  Above these threshold levels, the agency noted
that illness rates rise sharply, and the health-based recommendation seeks to remain
below that part of the statistical curve (Figure B2).  The State of Oklahoma, along with
many other states, has adopted these indicator organism criteria as a fundamental
element of their water quality criteria for protection of human health.

23. The exposures represented by recreational uses of the Illinois River and its
tributaries, as described by Caneday (2008), both floating and non-floating, are
consistent with the types of activities considered by the EPA (2003) in its estimates of
illness rates of 8 per 1000 people (0.8%) for indicator organisms in fresh water.  Using
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the figures for intensive uses of the Illinois River Watershed provided by Caneday
(2008), it is possible to estimate that over 1,200 illnesses are occurring on an annual basis
even if the bacterial water quality is just being met.  While states can determine their
own disease incidence targets, the EPA (2003) recommends less than 1.0% illness rate
(e.g., 0.8% is used by many states).  This is in part because the epidemiological data
illustrate an exponential increase in rates beyond the 1.0% illness incidence threshold,
instead of a linear increase.  Stated differently, at low indicator organism densities (i.e.
below the health-based recommendation) the pattern of increase in illness is fairly small
and the line is flat, while at higher indicator organisms densities, the illness rate curve
rises much more steeply (Figure B2).

24. Primary Body Contact Recreation (PBCR) is an exposure category defined by the
State of Oklahoma Administrative Code in Title 785, Chapter 45 (OAC, 2007).  This
beneficial use category is specifically intended to protect recreational users of water
bodies from contamination during the recreational season of May 1 through September
30.  PBCR is defined as involving direct body contact (i.e., the dermal exposure route)
with surface water through activities such as swimming, wading, canoeing, and fishing.
It should be noted that PBCR also explicitly includes the additional likelihood of
incidental water ingestion (i.e., oral exposure route) while recreation is occurring in the
watershed through multiple activities (OAC, 2007).  In water bodies that are governed
by the PBCR requirements, the State of Oklahoma mandates that such water “shall not
contain chemical, physical or biological substances in concentrations that are irritating
to skin or sense organs or are toxic or cause illness upon ingestion by human beings”
(OAC, 2007).  Clearly, levels of bacteria and indicator organisms that exceed health-
based criteria and other standards will and do pose such an unacceptable health risk to
users of the Illinois River and its tributaries.

25. Information that is available regarding land disposal of poultry waste shows that
nearly two-thirds (over 63%) of waste spreading occurs in the months of February
through June (Figure B3), based upon data for the period 1999-2004 (Fisher, 2008; Engel,
2008).  Information available regarding the pattern of a major PBCR use (“floating”)
within the Illinois River and its tributaries in the 2004-2007 period by month shows that
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99% of that usage type occurs in the months of May through September (Caneday, 2008;
Figure B3).  Floating includes ancillary direct contact activities in the water such as
swimming and wading as well, and reasonably can be considered to include an
ingestion component of exposure, as well as dermal.  Thus, a very large proportion of
total annual land spreading of poultry waste is conducted during the months which just
precede or overlap with the times of maximum direct contact recreational use of the
Illinois River and its tributaries.  Coincidentally, the rainy season in Oklahoma tends to
be between February and June (NOAA, 2000), which coincides with and immediately
follows the highest rates of waste application (Adamski, 1987; Adamski & Steele, 1988;
Fisher, 2008).  The rainy season also immediately precedes the highest rates of floating
activity (Figure B4).  On average, approximately 45% of annual rainfall in Northeast
Oklahoma occurs between the months of February and June (NOAA, 2000). Rainfall,
specifically when it occurs shortly after land spreading, results in microbial pathogen
distribution as a result of runoff from spread poultry waste or by leaching through the
soil profile (Giddens and Barnett, 1980; Gagliardi and Karns, 2000; Fisher, 2008; Olsen,
2008), even if buffer zones are used correctly, which they frequently are not.

26. Recently, over six consecutive years (2000-2005), there has been widespread
measurement of the presence of indicator organisms in surface waters of the IRW,
which indicate that those waters broadly and regularly exceed the Oklahoma Water
Quality Standards and/or health-based screening levels (OWRB, 2007; CDM, 2008).
Single point criteria for surface water along the impaired water body segments from
recreational seasons 2005-2007 were exceeded in a large number of samples.  Most of
these samples are at least twice the standard and the values may exhibit exceedances up
to a maximum of 125 times the standard (Table B2).  Another example of regular and
widespread exceedances of particular interest exist in specifically identified public
access (PA) locations (Figure B5), most of which are within impaired water body
segments, where a remarkable 13 of 15 locations (nearly 90%) had results where one or
more indicators were in excess of the Oklahoma standards for fecal bacteria as shown
by indicator organisms (CDM, 2008).  In addition to single point criteria, a number of
multi-sample geometric means within impaired water body segments, according to the
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procedures of the Oklahoma Water Resources Board, also showed exceedances.  The
State of Oklahoma mandates that a geometric mean calculation for Primary Body
Contact Recreation have no less than five samples for any 30-day time frame of interest
(OAC, 2007).  Results for the recreational seasons of 2005-2007 show exceedances in all
water bodies where sufficient samples were taken to perform the calculation, with those
exceedances being in the range of 2 to 30 times the standard (Table B2).  While
Peacheater Creek, Tyner Creek, Tahlequah Creek, and a portion of the Illinois River did
not have adequate sampling frequency within the specified time frame to fairly
calculate the geometric mean, the percentage of single point criterion exceeding the
standard was in most cases nearly 20% of the samples, at levels that were 2 to 65 times
greater than the health-based screening level (CDM, 2008; Table B2).  These results, in
my opinion, demonstrate a chronic and persistent problem of bacterial contamination
which represents an imminent and substantial endangerment.

27. In addition to Primary Body Contact Recreation uses associated with surface
water exposures, significant exposures to contaminated groundwater can occur through
drinking water supplies as well.  In Oklahoma, groundwater is protected such that
bacterial levels in groundwater must be “nondetect”, which is reasonable based on the
absence of normal bacterial fauna in groundwater at deeper depths (NRC, 2004; EPA,
2006A; USGS, 2007b).  Once groundwater pollution has been determined to have
occurred via human activities, the water supply is to be restored to a quality sufficient
to support its designated beneficial use, in this case potable water supplies (OAC, 2007).
Over 1,700 groundwater wells have been identified in the Oklahoma portion of the
IRW, of which 98% are used for domestic purposes (OWRB, 2008; Fisher, 2008; Figure
B6).  Figure B7 illustrates the CDM groundwater well sampling sites within the IRW
while Figure B8 shows the locations of Geoprobe samples taken within the IRW.
Bacterial contamination of groundwater, including impacts by E. coli, fecal coliforms
and enterococci, has been demonstrated in many shallow wells and in other wells at
depths to approximately 150 feet, as well as in a majority of shallow groundwater
Geoprobe samples (CDM, 2008).  Olsen (2008) identified the poultry “signature” in the
majority of these samples.  While these Geoprobe samples are not necessarily
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completed to depths from which groundwater is taken for domestic purposes, they
clearly demonstrate the potential pathway between microorganisms at the surface and
those which can contaminate groundwater. These elements further demonstrate the
vulnerability of shallow groundwater (NRC, 2004; Fisher, 2008), and illustrate the
health concerns that are associated with land spreading of poultry waste in areas where
groundwater is used for potable and other domestic purposes.

28. Bacterial levels of human health significance also have been found in a number of
springs within the IRW.  At their point of release from the ground, where they
“daylight”, springs represent a transition from groundwater to surface water.  Thus,
they can be indicators of impacts to groundwater and/or surface water (Fisher, 2008).
Springs sampled in the Oklahoma portion of the IRW are shown in Figure B9.
Approximately 21% of the spring samples exceeded the surface water bacterial
standards.  Most of those samples were located in close proximity to the Illinois River
and its tributaries.  Olsen (2008) concluded that nearly 40% of spring samples were
impacted by poultry waste.

29. Bacteria have been detected in surface water, groundwater and springs in the
IRW at levels that are indicative of significant concern from a human health perspective
(CDM, 2008).  Edge-of-Field samples for fields that have received recent spreading of
poultry waste have shown bacterial colony counts in water which are similar to those
reported for water samples into which, raw, untreated sewage (i.e., 105 or 100,000 MPN
or greater) has been spilled from U.S. sewage treatment plants (Metcalf & Eddy, 1991;
Brosnan et al., 1996; CDM, 2008; Harwood et al., 2005).  Of the 22 Edge-of-Field sample
locations which exhibited bacteria and indicator organism results in excess of 100,000
MPN per 100 milliliters, seven of the locations exhibited results for enterococci, fecal
coliforms and/or total coliforms greater than or equal to 1,200,000 MPN per 100
milliliters, with three sites having a total of 5 reports of greater than or equal to
1,600,000 MPN per 100 milliliters (Table B6).  Through Principal Component Analysis
(PCA), it has been determined that 100% of the Edge-of-Field samples showed poultry
related impacts.  Furthermore, of the 50 highest “PC1” (poultry) scores of all sampled
media, 44 were Edge-of-Field samples, with the highest score resulting in a sample

Case 4:05-cv-00329-GKF-PJC     Document 2180-11 Filed in USDC ND/OK on 06/05/2009     Page 14 of 114



15

taken from field runoff immediately after poultry waste application (Olsen, 2008).  In
addition, the maximum levels for E. coli, enterococci and fecal coliform found in poultry
litter/waste samples collected by CDM in 2006 were 120,000 MPN per gram of litter
(CDM, 2008).  Other impacted media include sediments and soils as demonstrated by
Fisher (2008) and Olsen (2008).

30. In addition to the numerical comparisons between health-based criteria and
detected levels of bacteria and indicator organisms as a measure of potential health
hazard, it is useful to consider the relative importance of microbial sources in the IRW
as well.  Processes to accomplish this have been developed by USEPA and a number of
individual states, including Oklahoma, under the Total Maximum Daily Load (TMDL)
program (USEPA, 1997; USEPA, 2001b; ODEQ, undated).

31. An analysis of potential sources for fecal coliforms was conducted in a fashion
consistent with that employed by USEPA and ODEQ for the six counties which share
some portion of the Illinois River Watershed (Adair, Cherokee, Delaware and Sequoyah
in OK; Benton, Washington in AR).  That analysis considered fecal coliform
contributions by a variety of categories for which data were available, including:
domestic pets, deer/wildlife, failing septic systems, permitted point sources (i.e.,
NPDES outfalls), and livestock.  The livestock category was further subdivided into
groups by poultry, cattle/calves, horses/ponies, sheep/lambs, and swine.  Table B4
summarizes the contributions for each source category, and also provides a summary of
the relative contribution from the five livestock categories.  The numerical values for
each category are expressed in units of Colony Forming Units per day (CFU/day).  For
example, the total fecal coliform load from poultry and from cattle/calves is
approximately 5 x 1015 CFU/day, or 5,000 trillion CFU/day each.  Table B5 provides the
underlying summary calculations and input parameters for the values presented on
Table B4.

32. Several important conclusions can be drawn from this source contribution
analysis, including the following:
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• The categories of domestic pets, deer/wildlife, failing septic systems and
point sources each contribute from 0.01% to 0.9% of total fecal coliform
loading.  Those contributions are not significant in comparison to the
contribution from livestock;

• The livestock category alone contributes nearly 99% of total fecal coliform
loading;

• Within the livestock category, poultry and cattle/calves each contribute just
over 40% each of the total, swine contribute about 14% of the total,
sheep/lambs contribute about 0.1% of the total, and horses/ponies contribute
about 0.03% of total fecal coliform loading;

In addition, leachability of poultry waste was on the order of 1 to 5 times higher than
fresh cattle manure, and is likely to be even greater for dry manure based on the smaller
particle sizes present in poultry waste (Olsen, 2008).  Therefore, poultry waste is much
more likely to leach components with the potential for adverse impacts from the site of
application to nearby water sources, than is cattle manure.

33. For over a decade, the practice of adding antibiotics (e.g., fluoroquinolones,
tetracyclines, aminoglycosides, macrolides) to farm feed has been widely used to fight
microbial infection in poultry and other livestock, as well as sub-therapeutically to
increase feed conversion efficiency and weight gain (Nandi et al., 2004; PCIFAP, 2008).
Concern has been raised about the ability of bacteria such as E. coli, Salmonella,
Campylobacter, and Staphylococcus, which are common in poultry, to become antibiotic-
resistant, thereby representing a source of infection in humans as a result of this
widespread antibiotic use in farming (White et al., 2003; USFDA, 2002; Nandi et al.,
2004; Hurd et al, 2004; Diarra et al., 2007; Dupont, 2007; Smith et al., 2007; PCIFAP,
2008).    Price et al. (2007) reported that individuals who work in the poultry industry
were much more likely to carry antibiotic resistant strains of E. coli than other members
of the community.  According to the World Health Organization, the “use of
antimicrobials outside of human use is of serious concern given the alarming emergence
of bacteria, which have acquired, through this use, resistance to antimicrobials” (WHO,
2008a).  These concerns ultimately led the European Community to prohibit the use of
antibiotics as growth promoters.  Antibiotics used by the poultry industry, including
defendants in this case, to treat or control bacterial diseases include: Baytril
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(enrofloxacin), Sarafloxacin, Bacitracin (BMD), Penicillin (e.g., Ampicillin, Amoxicillin,
Methicillin), Gentamycin sulfate, and tetracyclines (e.g., chlortetracycline (CTC), neo-
terramycin, oxytetracycline), among others (see e.g., Bates #: TSN088218SOK,
TSN088077SOK, TSN088197SOK, CM003570, SIM AG09496, CARTP109186).  In
addition to antibiotics, pesticides (e.g., Larvadex, Fenbendazole, Piperazine, Levamasol)
are also added to feed to control worms and fly larvae (see e.g., Bates #: CM003473,
CARTP169958, CARTP143292, CARTP158787), and thus would be present in excreted
poultry waste.  This information clearly illustrates that a number of significant
pathogens are a recognized and inherent health concern associated with poultry raising
operations, and that the industry historically has actively treated the flocks to control
these very bacteria in poultry waste which are potentially dangerous to the flocks.

34. It is evident that the poultry industry is and has been aware for some time of the
potential health problems that these pathogens represent due to the widespread use of
the veterinary antibiotics (see previous paragraph).  Before the use of fluoroquinolones
became common in animal husbandry (including poultry), antibiotic-resistant bacterial
strains were virtually nonexistent (Bren, 2001; WHO, 2008b).  In reference to the benefit
of fluoroquinolone use being compromised, Hofacre et al. (1999) noted that the “Use of
antibiotics in both humans and animals contributes to the selection pressure resulting in
this resistance”.  Campylobacter from 28% of human patients in one study showed
resistance to fluoroquinolones (Ellis-Pegler et al., 1995).  In one particular case,
Salmonella minnesota and E. coli, isolated from a number of turkey poults, were subjected
to an antibiotic susceptibility pattern test.  In that analysis, E. coli showed resistance to
13 of the 16 antibiotics tested and S. minnesota showed resistance to 10 of the 16
antibiotics tested (University of Missouri Veterinary Lab, 2007).  It appears that the
turkeys in question must have been subjected to numerous antibiotics in feeding
operations, judging by their resistance to such a broad list of antibiotics.  However, this
particular case simply further illustrates what White et al. (2000) previously had
demonstrated: that antibiotic-resistance is and has been on the rise.  Campylobacter have
been shown elsewhere to be broadly resistant to macrolide antibiotics (Bolenger and
Shryock, 2007).  In their study, White et al. (2000) showed avian (poultry) pathogenic E.
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coli (APEC) resistance to Sarafloxacin increased from 15% in 1996 to 40% in 1999 and
dual-resistance to Sarafloxacin and to Enrofloxacin increased from 9% in 1997 to 30% in
1999.  To further illustrate the growth of multi-antibiotic resistance over time, three
separate studies performed by Bass et al. (1999), White et al. (2000), and Zhao et al.
(2005) published APEC results of 64%, 66%, and 71% of samples, respectively, having
resistance to five or more antibiotics.  With respect to individual antibiotics, the same
three studies demonstrated that the use of tetracyclines has become so extensive that
APEC-resistant strains ranged from 85 to 89% of bacteria, while Gentamycin resistance
is in the range of 62 to 69% of APEC strains.  Therefore, the spreading of poultry waste
material clearly aids in the dispersion of antibiotic resistance in the environment,
creating imminent and substantial endangerment to those using the river, as well as
contributing to this recognized worldwide problem of antibiotic resistance.

35. Land spreading of poultry waste has long been recognized as a major bacterial
contamination source (Crane et al., 1980; Adamski, 1987; Adamski and Steele, 1988;
PCIFAP, 2008). Spreading of waste material, a traditional agricultural waste disposal
practice, becomes a major source of contamination because frequently it exceeds the rate
at which wastes can be accommodated by or processed in agricultural ecosystems
(Coyne and Blevins, 1995).  Rainfall, specifically when it occurs shortly after land
spreading, may then result in pathogen distribution by runoff from spread poultry
waste or by leaching through the soil profile (Giddens and Barnett, 1980; Gagliardi and
Karns, 2000; Fisher, 2008; Olsen, 2008), even if buffer zones are used correctly, which
they frequently are not.  This is rendered even more important by the fact that the
recreational season for the IRW overlaps with and immediately follows the rainy
season, a period which is well within the survivability duration of the bacteria in
question (Figure B4).  Furthermore, the leachability of poultry waste components into
groundwater significantly outweighs that of cow manure (Olsen, 2008).  The
environmental survivability of bacteria can be on the order of several days to many
months (Jamieson et. al., 2002; Tetra Tech, 2004; Davis et al. 2005).  Runoff from waste-
spread fields carries excess nutrients, pollutants, and pathogens to nearby waterways,
which negatively affects surface water, groundwater, aquatic life, and human health;
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even months after land application of waste, fecal coliforms and E. coli can be
resuspended from sediments and transported downstream (Coyne and Blevins, 1995;
Hartel et al., 2000; Davis et al., 2005; Ringbauer et al., 2006).

36. Bacteria of human health significance, including Campylobacter, Salmonella,
Staphylococcus, Escherichia coli and other important species, as well as bacterial indicator
organisms such as fecal coliforms and enterococci, are present in poultry waste (Kelley
et al., 1995; Jenkins et al., 2006; CDM, 2008; PCIFAP, 2008).  The presence of microbial
indicator organisms in surface and groundwater bodies suggests that other dangerous
bacteria such as Campylobacter, Salmonella and/or Staphylococcus also may be present, in
addition to ancillary viruses and protozoa that are more difficult to monitor (e.g.,
Cryptosporidium).

37. Campylobacter is a common intestinal bacterium found in a wide range of poultry,
domestic livestock, and wildlife (Neill et al., 1984; Lindblom et al., 1986; Kazwala et al.,
1990; Waage et al., 1999; Chen et al., 2006; Doyle and Erickson, 2006), though it is quite
commonly associated with poultry operations and products globally (Hald et al., 2007),
and it is more prevalent in poultry than in swine or cattle (Belanger and Shryock, 2007).
While often referred to primarily as a foodborne illness, Campylobacter may be
waterborne as well (Allos, 2001; O’Reilly et al., 2007). The major effects and
complications of Campylobacter infection can occur in or near the gastrointestinal tract
(USDA, 1991; Allos, 2001; Murray et al., 2003); however enteric (intestinal) diseases are
not the only cause for concern.  Human campylobacteriosis frequently presents as a
sporadic infection, such that it is common to find individual cases in contrast to related
outbreaks affecting a large group (Friedman et al., 2000).  This sporadic occurrence
pattern and the frequently self-limiting nature of the infection causes
campylobacteriosis, as well as other enteric diseases that are transmitted by the
waterborne route, often to be underreported to public health agencies (Belanger and
Shryock, 2007; Leclerc, 2002).  Even when diagnosed, campylobacteriosis is reported
infrequently (Allos, 2001), and Mead et al. (1999) concluded that less that 3% of
diagnosed Campylobacter gastroenteritis cases are reported to health authorities.
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38. Salmonella sp. are bacteria also frequently associated with poultry (Barbour and
Nabbut, 1981; Jacobs-Reitsma et al., 1994; Himathongkham et al., 1999; Doyle and
Erickson, 2006; Li et al., 2007), and numerous Staphylococcus species have been isolated
from chickens, including S. aureus, S. sciuri, S. gallinarum, S. lentus, S. chnii, S. xylosus,
and S. warneri (Adegoke, 1986; Terzich et al., 2000).  Infectious diseases related to fecal
bacteria from poultry waste include campylobacteriosis, giardiasis, cryptosporidiosis,
salmonellosis, E. coli 0157:H7, and others (Doyle and Schoeni, 1987; Leclerc et al., 2002;
Dipineto et al, 2006; Doane et al., 2007; Dupont, 2007; OSDOH, 2007; Trampel et al.,
2007).  The State has recognized the potential impacts of chicken waste under such acts
as the Oklahoma Confined Animal Feeding Operation and Poultry Registration Acts
(ODAFF, 2008). Recognition of human disease acquired by animal sources by the
Experts Scientific Workshop has resulted in placing the highest priority for further
research on contamination from poultry and other agricultural animals (U.S. EPA,
2007c).  Gastroenteritis, caused by fecal pathogens and characterized by nausea, cramps,
diarrhea, and vomiting, is a common and serious affliction associated with waterborne
bacteria (OSDOH, 2007; VGHI, 2007).  Following the review of 22 articles, Pruss (1998)
concluded there to be a causal relationship between gastroenteritis and recreational
water quality, as measured by bacterial indicators. Important infections caused by
Staphylococcus, including recent antibiotic resistant strains (e.g., Methicillin-resistant
Staphylococcus aureus, MRSA), involve skin, and may result in boils, cellulitis, impetigo
and serious wound infections.  Many other organ systems in the human body can be
affected as well (Kloos and Bannerman, 1999; Murray et al., 2003).  Strains of Salmonella
and other bacteria have undergone adaptations to become antibiotic resistant, as
described previously in the report.

39. The Oklahoma State Department of Health (ODOH) maintains statistics of
specific reportable diseases including diseases caused by bacteria such as Campylobacter,
Salmonella, and E. coli 0157:H7, and microscopic parasites such as Giardia and
Cryptosporidium.  As described elsewhere in this report, these organisms have been
associated with poultry waste and often are also associated with contaminated drinking
water, fecal material, and contact with birds.  An evaluation of OSDOH records for
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Oklahoma counties in the IRW shows that Adair County reported rates of
campylobacteriosis considerably in excess of the state average for the period 1997 to
2005 (ODOH, 2006; see Figure B10).  Adair County makes up the largest portion of land
area within the IRW.  In addition, rates of salmonellosis reported between 1990-2005
also have periodically exceeded the average statewide incidence rate.  The rate of
salmonellosis in Sequoyah County was reported to exceed the state rate for all except
three years during the period 1990 to 2001 (ODOH, 2006; see Figure B11).  Furthermore,
the data from the ODOH shows no associations between serotypes of the Salmonella
bacterium. In addition to the lack of commonality between serotypes, no common
relationships between individuals, demographic characteristics, or locations were
identified, as would be expected from a single, large food-borne outbreak (ODOH,
2006).

40. While the ODOH has not investigated any “outbreaks” with regard to the
diseases discussed above, it cannot be presumed that incidents of infection are not
occurring. Without question, tourism within the watershed is extensive, considering for
example, that the general population of Adair County during the period 1990 to 2000
ranged from about 19,000 to 21,000 people (U.S. Census, 1990; U.S. Census, 2000) and at
least an estimated 155,000 people use the IRW annually (Caneday, 2008).  When using
the CDC’s guidelines for investigating an outbreak, a clustering of sickness must take
place to warrant an investigation.  This, therefore, would be very difficult to achieve
under recreational use circumstances, recognizing how many tourists visit the Illinois
River watershed from Arkansas, Kansas, Missouri, as well as other counties in
Oklahoma.  Lee et al. (2002) noted that outbreak investigations were increasingly
difficult to document when users convene onto one venue and then geographically
disperse.  This clearly identifies one possible reason why no focused investigations have
been initiated for the Illinois River Watershed.  Latency periods in the order of a day to
a week (Mayo Clinic, 2008; CDC, 2008), depending on the bacterium, would surely
affect reporting statistics if recreational users and tourists to the region are taken into
account, and consideration is given to the likelihood of returning to their homes after
visiting the IRW.  Additionally, outbreaks associated with some infective organisms are
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less likely to be investigated than acute diseases characterized by short incubation
periods, serious illness requiring medical treatment, and those having recognized
etiologies (Lee et al., 2002; Blackburn et al., 2004).  Individual sensitivity and enhanced
susceptibility among groups such as children, the elderly, and the immuno-
compromised, further complicates the effectiveness and applicability of disease
surveillance (WHO, 2003; NRC, 2004).

41. It is clear that many diseases are commonly under-reported, given the limitations
of the passive disease surveillance systems presently in place.  Multiple factors play a
role in whether disease outbreaks are recognized, investigated, and/or reported, which
typically will result in under-reporting of the true illness rate (Lee et al., 2002; Blackburn
et al., 2004; Liang et al., 2006; Craun & Calderon, 2006;).   Multiple studies (Lee et al.,
2002; Yoder et al., 2004; Blackburn et al., 2004; Liang et al., 2006) have concluded that
the data which are collected most commonly pertain to “outbreaks,” with no
mechanism to include seemingly sporadic cases, and therefore the data do not
necessarily represent actual endemic trends with waterborne illnesses. The observations
already available concerning disease occurrence in northeastern Oklahoma underscore
the potential for increases in infectious diseases related to land disposal of poultry
waste in large quantities.

42.  The bacterial impacts associated with the application of poultry waste to lands in
the Illinois River Watershed represent an imminent and substantial endangerment to
human health.

Trihalomethanes (THMs) and Haloacetic Acids (HAA5s)
43. One human health risk associated with the spreading of poultry waste on
agricultural fields in large quantities, with associated runoff, is related to the formation
of potentially carcinogenic substances that may occur in treated drinking water supplies
(Cooke and Welch, 2008).  Formation of these products can occur during the normal
municipal treatment of water prior to distribution, and is a result of increased organic
matter in the raw intake water which combines with chlorine to form “disinfection
byproducts” (DBP’s).  Several examples of which are trihalomethanes (THMs) and
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haloacetic acids (HAA5s).  One direct and/or indirect source of this increased organic
matter is contaminated runoff from fields on which poultry waste have been spread.
Studies have shown there to be an increase in the poultry population and thus an
increase in the amount of waste generated by poultry dating back as far as 1950 (Engel,
2008; Fisher, 2008).  The total amount of waste generated annually within the IRW was
estimated to be over 300,000 tons (Fisher, 2008).  Increased organic matter, in
conjunction with excessive nutrients, primarily nitrogen and phosphorus, from poultry
waste are principal recognized causes of eutrophication, algal growth, and water
quality degradation (Lee and Jones, 1991; Cooke and Welch, 2008; PEW, 2008).  This
scenario is illustrated in Figure T1.  The principal source of phosphorus to Lake
Tenkiller has been attributed to poultry waste applied to pastures that eventually
reaches the Illinois River and then Lake Tenkiller (Engel, 2008; Cooke and Welch, 2008).
One of the most effective methods to control eutrophication and restore water quality is
by reducing the excessive phosphorus sources (Sas et al., 1989; Lee and Jones, 1991;
Slaton et al., 2004; Cooke and Welch, 2008), which in this case could be accomplished by
decreasing or eliminating the contribution made by poultry waste.

44. Nutrient pollution to surface waters from “insufficiently treated sewage, runoff
from fertilized agricultural areas and lawns, manure and more complex effluent from
livestock industries” (Briand et al., 2003), can and does result in eutrophication and
algal proliferation.  The increase in these algal communities, including those of
cyanobacteria, disrupt the complex aquatic environment within the system, which can
lead to oxygen depletion, taste and odor issues, and the formation of organics in the
water (Fruh, 1967; Hoehn et al., 1980; van Steenderen et al., 1988; Cooke and Welch,
2008; Stevenson, 2008).  Cyanobacteria, such as Microcystis aeruginosa, have been shown
to be productive precursors of trihalomethane disinfection byproducts in treated water
supplies (van Steenderen et al., 1988).

45. Chlorine treatment, which has been the most widely used and cost effective
disinfectant practice for U.S. public or private water supplies since the early-1900’s and
which is commonly used in wastewater treatment facilities (NAS, 1987; Bull et al., 1995),
may result in the formation of chemicals known as DBPs, which are of ongoing health
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concern (Wistrom et al., 1996; USEPA, 2006c).  These DBPs include the predominant
class of trihalomethanes, or THMs (consisting of chloroform, bromodichloromethane,
dibromochloromethane, bromoform), as well as the haloacetic acids, or HAA5s,
(consisting of monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid).  In addition to these groups, other
disinfection byproducts are continually being evaluated for occurrence, toxicity and
potential human health risk (Krasner et al., 2006).  The formation of DBPs in treated
water is a well-recognized phenomenon, and depends on factors such as pH,
nature/concentration of organic matter, chlorination contact time, water temperature,
chlorine dose, chlorine residual, and bromide concentration (Stevens et al., 1976;
Reckhow and Singer, 1990; OWRB, 2005; USEPA, 2006b; Gopal, 2007; Cooke and Welch,
2008).

46. The formation of DBPs is correlated significantly with the content of dissolved
organics in raw water (Martin et al., 1993; Stepczuk et al., 1998; Stuart et al., 1999;
Gallard and Gunten, 2002; Brown, 2003).  Under normal circumstances, naturally
occurring organic material (NOM) is a principal precursor with which halogens (e.g.,
chlorine and bromine) can react to form DBPs (Rook, 1976; Oliver and Lawrence, 1979;
Marhaba and Kochar, 2000; Gopal et al., 2007; Richardson et al., 2007; Wang et al., 2007).
However, nutrient enrichment (e.g., loading of phosphorus, Total Organic Carbon
(TOC), and nitrogen) in water bodies from activities such as spreading of poultry waste
to pasture lands, can increase organic matter concentrations and dramatically increase
or speed up eutrophication processes in lakes, often with accompanying increases in
algal growth, which also can result in increased DBPs (Peterson et al., 1993; Preusch et
al., 2002; Lee et al., 2007; Cooke and Welch, 2008).  Water samples taken directly
following waste application and right after rainfall (Edge-of-Field) from the IRW show
high levels of TOC.   

47. Excess nutrient loading and nutrient pollution in some circumstances can
originate from urban runoff, industry, automobiles, and human sewage.  However, in
many areas the largest source comes from agriculture and from uses of manure
produced by livestock, including poultry, on fields (Anderson et al., 2002; Tang et al.,
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2005).  Engel (2008) concluded that excess amounts of these fertilizer constituents, in the
form of manure and litter spread in quantities beyond that which can be sequestered by
plants and soil, lead to increased amounts of phosphorus in runoff.  In addition, Engel
(2008) concluded that close to 80% of the net annual phosphorus contribution to the
IRW comes from poultry.  High levels of phosphorus in runoff act to fertilize the
aquatic life in water, leading to excessive growth of algae and underwater plants that
can lead to production of DBP’s (Hoehn et al., 1980; Dore et al., 1982; Lee and Jones,
1991).  Enhanced nutrient loading can also increase the formation of Cladophora, a
branching filamentous green alga, often times found on rocky substances. Stevenson
(2008) showed that the algal biomass density was related to total phosphorus
concentrations and poultry house density along the streams and rivers in the Illinois
River Watershed.  Other technical literature has shown that Cladophora can be a
secondary habitat for pathogenic bacteria (Byappanahalli et al., 2003; Whitman et al.,
2003; Ishii et al., 2006), which greatly extends the survivability of the bacteria in the
environment.  When levels of TOC and DOC decrease, THM precursors and THMs
levels decrease as well.

48. The U.S. EPA, the International Agency for Research on Cancer (IARC), the
National Toxicology Program (NTP) and other researchers have concluded that the
weight of evidence from animal and human studies warrants classification of the THMs
(chloroform, bromodichloromethane, dibromochloromethane, bromoform), as well as at
least two of the haloacetic acids (dichloroacetic acid, trichloroacetic acid) as Probable or
Possible human carcinogens (Cantor et al., 1978; Morris et al., 1992; Nokes et al., 1999;
USEPA, 2007a; Villanueva et al., 2007). One case-control study from Canada concluded
that the risk of bladder cancer increased with both duration and concentration of DBP’s
in household water supplies (King and Marrett, 1996).  In addition to the ingestion
route, Villanueva et al. (2007) showed that inhalation and dermal absorption of THMs
from household activities and swimming in pools may be associated with the
development of cancer.  A pooled analysis of six case-control studies, conducted by
Villanueva et al. (1994), strengthened the conclusion that the risk of bladder cancer
increases with long-term exposure to DBPs at levels that are currently observed in many
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industrialized countries.  In addition, a meta-analysis performed by Morris et al. (1992)
concluded that there was a positive relationship between the consumption of DBP’s in
drinking water and bladder and rectal cancer in humans.

49. In recent years, U.S. EPA has set increasingly stringent limits on the allowable
amounts of THMs in drinking water that determine what treatment facilities must
achieve.  In 1998, U.S. EPA issued the Stage 1 Disinfectants and Disinfection Byproducts
Rule (Stage 1 DBPR), which reduced the maximum contaminant level (MCL) for THMs
from 0.10 mg/L to 0.080 mg/L (100 to 80 parts per billion) and included additional
compliance obligations for community water systems that chemically disinfect their
water for primary or residual treatment (USEPA, 1998).  Based upon results of testing
following implementation of the Stage 1 rule, U.S. EPA subsequently determined that
additional regulation beyond Stage I, in the form of the Stage 2 Disinfectant Byproducts
Rule (Stage 2 DBPR), was needed to adequately protect human health (ADOH/DoE,
2003; USEPA, 2006c).

50. The Stage 2 DBPR places further restrictions on production and monitoring of
DBPs, establishing revised Maximum Contaminant Levels (MCLs) and Maximum
Contaminant Level Goals (MCLGs) for several of the DBPs.  The concentration limits
(MCLs) imposed by the Stage 2 DBP rule are, by definition, based upon a combination
of considerations regarding health effects, technical feasibility and costs.  In contrast, the
development of MCLGs is based on health effects considerations only.  For example, the
MCLG for chloroform is 0.070 mg/L, while the MCL for total THMs, which typically
are dominated by chloroform, is 0.080 mg/L.  The MCLGs for two common HAA5s
monochloroacetic acid and trichloroacetic acid, are 0.070 mg/L and 0.02 mg/L,
respectively, while the current MCL for HAA5s is 0.060 mg/L.  For the DBPs
bromodichloromethane, bromoform, and dichloroacetic acid, the MCLG is zero,
reflecting the ideal position that potential carcinogens should not be present in drinking
water at any concentration.  From a strictly health-based perspective (i.e., theoretical
calculation using exposure guidelines) the following restrictive water concentrations
were identified by USEPA (2006c) as being necessary to meet the standard regulatory
benchmark of 1-in-one million cancer risk:

Case 4:05-cv-00329-GKF-PJC     Document 2180-11 Filed in USDC ND/OK on 06/05/2009     Page 26 of 114



27

• dibromochloromethane 0.0009  mg/L
• bromodichloromethane 0.001 mg/L
• bromoform 0.008 mg/L
• dichloroacetic acid 0.0007 mg/L

In addition, the 2008 U.S. EPA Region 6 risk-based screening level for chloroform in
residential water is 0.00017 mg/L (0.17 µg/L) (U.S. EPA, 2008).  Wang (2007) has
recently shown that water quality standards for THMs need to be reviewed to account
for the different risks resulting from each individual THM species.

51. The State of Oklahoma requires that all public water systems monitor the
finished water supplies for both total THMs (TTHM) and HAA5s.  Available data
through early-2008 from ODEQ was reviewed for the 18 currently active public water
systems (Figure T2) that draw water from the Illinois River Watershed.  There were 51
exceedances of the chloroform maximum contaminant level goal (MCLG) of 0.07 mg/L
and 16 near exceedances (defined for purposes of this report as being within 10% of the
MCLG).  There were 56 exceedances of the TTHM standard of 0.08 mg/L and 29 near
exceedances, and 35 exceedances of the HAA5s standard of 0.06 mg/L and 11 near
exceedances.  It should be noted that TTHM and HAA5s were not reported until late
2003.  Prior to that time, when data for each individual component was available,
TTHM values were estimated by summing these components.  Currently, ODEQ has
reported close to 30 violations for MCL average exceedances of either TTHM or HAA5s
in tap water at customer facilities, or for sampling/reporting violations (ODEQ, 2008).
There were also a multitude of exceedances of the risk-based criteria for
bromodichloromethane, dibromochloromethane, and chloroform.  Table T1 compares
the exceedances between the risk based values and the listed MCL or MCLG values.
Risk based values were exceeded over 90% of the time for both chloroform and
bromodichloromethane, while the risk based value for dibromochloromethane was
exceeded about 56% of the time.  Stated simply, if risks of this magnitude were found at
a waste disposal site or an industrial contamination site, in my experience they would
require attention and remediation.
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52. CDM collected water samples on three separate occasions in 2006 from 5
locations within three different IRW public water systems and analyzed them for
TTHM and HAA5s.  These locations are depicted in Figure T3.  Of the total 45 samples
collected, there were 6 exceedances and 5 near exceedances of the TTHM MCL (24%)
and 3 exceedances and 1 near exceedance of the HAA5s MCL (9%).  All of the samples
exceeded the risk-based values for bromodichloromethane and dibromochloromethane
and dichloroacetic acid, while two of the samples exceeded the individual chloroform
MCLG of 0.070 mg/L.  Six of the samples were greater than the MCLG of 0.02 mg/L for
trichloroacetic acid.  These results are illustrated in Table T2.  In addition, raw water
samples collected during the recreational season of 2005, 2006 and 2007 were evaluated
for THM-forming potential (THMFP; CDM, 2008) and 71% of the results (57/80)
showed values in excess of the TTHM MCL at twelve different locations along the
Illinois River and in Lake Tenkiller.  Table T3 shows the average THMFP from five
PWAs.  These report several of the larger systems which withdraw, treat and distribute
water from the IRW.

53. Beyond the increased human health risks, elevated levels of THMs and HAA5s
in drinking water often result in esthetic concerns (e.g., disagreeable taste and odors) in
water supplies at concentrations which are at or near the drinking water standards
(USEPA, 2006c).  Thus, the water supply may be in compliance with regulatory
numerical standards, but may not meet the Oklahoma narrative standards for water
supplies.  This general narrative criteria, found in OAC 785:45-5-9, states that “taste and
odor producing substances from other than natural origin shall not interfere with the
production of a potable water supply by modern treatment methods…” and “shall be
maintained at all times to all surface waters of the state” (OAC, 2007).  This criterion has
not been met on many occasions in the IRW.  In addition, the general criteria for public
and private water supplies found in OAC 785:45-5-10 (5) (A) states that “The quality of
the surface waters of the state which are designated as public or private water supplies
shall be protected, maintained, and improved when feasible, so that the waters can be
used as sources of public and private raw water supplies”.  In this case the water bodies
in the IRW are not being adequately protected.  Also found in that criterion is OAC
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785:45-5-10(5) (B) which states: “These waters shall be maintained so that they will not
be toxic, carcinogenic, mutagenic, or teratogenic to humans” (OAC, 2007).  The reported
TTHM and HAA5s concentrations detected in IRW waters clearly demonstrate that this
criterion is not being met.

54.  The impacts from increased disinfection byproducts (e.g., THMs and HAA5s)
associated with the application of poultry waste to lands in the Illinois River Watershed
represent an imminent and substantial endangerment to human health.

Cyanobacteria

55. Cyanobacteria, also often termed “harmful blue-green algae”, are photosynthetic
single-celled aquatic organisms that can produce potent toxins (e.g., microcystins,
cylindrospermopsin, saxitoxins).  It is well-documented that those toxins may be
poisonous to aquatic organisms, to terrestrial animals, and to humans when present in
water bodies at sufficient concentrations (Duy et al., 2000; Stewart, 2004; Falconer and
Humpage, 2005; Janse et al., 2005; Health Canada, 2007; Cooke and Welch, 2008).  The
production of cyanobacterial toxins is influenced by a wide array of environmental
conditions such as nutrient availability, light conditions, and temperature (Carson,
2000).  Human health hazards occur from the following exposure routes: oral (through
accidental ingestion of contaminated recreational water or ingestion of contaminated
raw drinking water); dermal (through direct contact of exposed body parts with
contaminated recreational waters); and inhalation (through airborne aerosols).
Carmichael (2001) also reported exposure via the intravenous route in a dialysis clinic in
Brazil as a result of contaminated local water supplies.

56. As ancient life forms often found living near the surface of warm water lakes and
reservoirs, cyanobacteria are a well-recognized health hazard in many water supplies
worldwide, including those in Europe, Australia, Asia and the Americas (WHO, 2000;
Mankiewicz et al., 2005; Boaru et al., 2006; Stewart et al., 2006b).  There are nearly 2,000
identified species of cyanobacteria, with more than 50 being recognized as potentially
toxic to humans and animals (WHO, 2003).  As noted in Chorus et al. (2000),
“Cyanobacterial toxins occur naturally, but pollution with nutrients from agriculture
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and domestic wastewater has led to increased fertilization (eutrophication) of many
water bodies”.

 57. The first reported cyanobacterial poisonings were documented as animal
poisoning cases, while incidences of human toxicity have been reported more recently
(WHO, 2003).  The effects of cyanobacteria may include low level hay fever-like
symptoms, progressing to skin rashes and gastrointestinal symptoms.  In addition, the
toxins released by cyanobacteria can cause more specific and severe hepatic and
nervous system injury (Codd, 2000; Briand et al., 2003; Stewart et al., 2006a;).  The
occurrence of symptoms, as well as an elevated incidence of symptoms have been
described with increasing duration of water contact, as well as with increasing
cyanobacterial cell counts (Pilotto et al., 1997).  This risk of adverse effects is related to
exposure conditions, and it has been noted that “Swimmers involuntary swallow some
water while swimming; in addition, bathing suits, particularly wet suits, could
accumulate cyanobacterial material and enhance the disruption of cells and the
liberation of cell content” (Mankiewicz et al., 2005).  In water bodies that are governed
by the PBCR requirements, such as those in the IRW, the State of Oklahoma mandates
that such water bodies “shall not contain chemical, physical or biological substances in
concentrations that are irritating to skin or sense organs or are toxic or cause illness
upon ingestion by human beings” (OAC, 2007).  Toxins produced by cyanobacteria fit
that prohibition, and include anatoxins and saxitoxins (nervous system), as well as
microcystins, nodularins and cylindrospermopsins, which are toxic to the liver
(Carmichael et al., 2001).  The chances of contracting illness from cyanobacteria have
been reported to increase with increasing algal bloom density and often increase toward
the end of a season when cells have reached greater density and then may encounter
unfavorable environmental conditions, may “lyse” (burst), and release their toxins
(Dittmann and Wiegand, 2006).

58. Cyanobacterial growth is known to be enhanced by increased nutrient loading
with phosphorus and other nutrient enrichment from agriculture and wastewater to
surface water bodies (QWQTF, 1992; WHO, 1999; Chorus et al., 2000; Kotak et al., 2000;
WHO, 2000; Briand et al., 2003; Gobler et al., 2007; Health Canada, 2007; Cooke and
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Welch, 2008). Stevenson (2008) found the nutrient concentration along the streams of
the Illinois River Watershed to be high and to be directly related to poultry house
density in the area.  Many lakes and reservoirs worldwide develop high cyanobacterial
cell concentrations, especially in the warm summer months, become demonstrably
greenish in color, with algal species floating to the surface under warm, still conditions,
forming scums with extreme cyanobacterial cell concentrations above one million cells
per milliliter (1x106 cells/mL; Falconer and Humpage, 2005).  Causes of nutrient input
and fertilization, mainly from phosphorus, may include insufficiently treated sewage,
agricultural runoff, manure application, effluent from intensive livestock industries and
runoff from roads in urban areas (QWQTF, 1992; Chorus et al., 2000; Falconer and
Humpage, 2005).  Eutrophication, which is the biological response to the excess of
nutrients into a water body, has been identified as a major water quality management
issue in a number of countries (Codd, 2000; Cooke and Welch, 2008).  In addition, when
turbulence of the water column is low, cyanobacteria can build up dense populations
based on temperature profiles, the nutrients present, and their ability to control cell
buoyancy, thereby controlling their vertical position in the water column to optimize
their growth conditions (Steinberg and Hartmann, 1988; Duy et al., 2000).  As noted by
Falconer and Humpage (2005): “There is a strong relationship between phosphorus
concentration in the water and cyanobacterial numbers and also a similar though less
linked relationship between dissolved nitrate/ammonia and cyanobacteria”.  Managing
nutrient inputs to a water body has been shown to reduce the magnitude of algal
biomass, as well as reducing the frequency and duration of algal proliferation events
(Biggs, 2000).  Although research is limited to this point, it has been suggested that
bioaccumulation of cyanobacterial toxins in food supplies may lead to adverse impacts
to human health and to natural ecosystems (Duy et al., 2000).

59. When cyanobacteria become dominant in the algal community of a water body,
this exacerbates negative effects on water quality based upon factors such as reduced
water clarity and transparency, high primary production of algae, decreased
biodiversity, and potential oxygen depletion (Mankiewicz et al., 2005). Oxygen
depletion [i.e., low dissolved oxygen (DO)] can cause massive fish kills and the release
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of malodorous and unpleasant tasting compounds, as well as the release of the
recognized cyanobacterial toxins.  Surface aggregations of cyanobacteria are possible
due to their capacity to regulate their buoyancy, enabling them to localize preferentially
at water depths where conditions are optimal for their growth (WHO, 2000; Dittmann
and Wiegand, 2006).  Visible scums of algae have been reported on the surface of Lake
Tenkiller and historical data show that cyanobacteria often are the dominant
phytoplankton community in the reservoir (Cooke and Welch, 2008).

60. Aside from producing toxins, cyanobacteria can be a visual nuisance and blooms
often reduce water clarity, resulting in decreased recreational value of impacted lakes
and reservoirs (Chorus et al., 2000; Kotak and Zurawell, 2007).  The presence of
cyanobacteria also can cause taste/odor problems from a number of chemicals they
release, such as geosmin and methylisoborneol (Watson et al., 2003; Tung et al., 2004;
Dittmann and Wiegand, 2005; Izaquirre and Taylor, 2007; Uwins et al., 2007; Juttner,
2007; Xie et al., 2007; Cooke and Welch, 2008). In addition to being free of toxic
materials, according to the Oklahoma Administrative Code (OAC) 785:45-5-19
(regarding surface water supplies): “The water must also be free from noxious odors
and tastes, from materials that settle to form objectional deposits, and discharges that
produce undesirable effects or are a nuisance to aquatic life” (OAC, 2007).  Results from
a telephone survey conducted in 2006 on behalf of the state of Oklahoma, among
personnel from 20 utilities along the Illinois River and Lake Tenkiller, indicated that
five of the utilities (Burnt Cabin, Cherokee Co. RWD #2, Cherokee Co. RWD #13, Pettit
Mountain Water, and Tenkiller Aqua Park) had received complaints of taste and odor,
thus violating this Oklahoma standard.  These taste and odor complaints occurred
during the summer and fall months.  Increases in the utilities’ usage of alum, activated
carbon and/or chlorine reportedly were employed to deal with this problem.  Utilities
with the most complaints are located in the upper reservoir, where eutrophic to
hypereutrophic conditions have been shown to occur during the summer months
(Cooke and Welch, 2008).  Potential explanations for these negative taste and odor
complaints include cyanobacterial algal products.
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61. The measurement of “chlorophyll a” (Chl) concentration is used as another
indicator of the abundance of algal growth (including cyanobacteria) in water bodies.
Chl concentrations are used to define trophic state (or nutrient content) of water bodies
and can be related to taste and odor issues.  Cooke and Welch (2008) noted that the
probability of cyanobacteria “blooms” rise sharply when mean summer Chl
concentration is above 10 µg/L.  Two sources of lake water odors that reasonably may
be related to trophic state (e.g., eutrophication) have been described as high
concentrations of specific algal species and bottom water odors that result from
substances released from the sediment under anoxic (i.e., low oxygen) conditions
(Arruda and Fromm, 1989). Existing regulations [OAC 785:45-5-10 (7)] describe the
numerical criterion for Chl as “The long term average concentration of chlorophyll-a at
a depth of 0.5 meters below the surface shall not exceed 0.010 milligrams per liter” in
Lake Tenkiller (OAC, 2007).  In this instance, “long-term average” is defined as the
“arithmetic mean of at least 10 samples taken across at least 12 months” (OAC, 2007).
Results from CDM sampling, as shown in Table C1, at four locations on Lake Tenkiller
show that this long-term average criterion was exceeded during 2005-2006 at two of the
four locations sampled with the long-term averages of 15.9 and 27.1 µg/L at LK-03 and
LK-04, respectively (CDM, 2008).  The other two locations, LK-01 and LK-02, had long-
term average values of 6.4 and 8.7 µg/L, respectively.  Although there were not enough
samples to calculate long-term averages from the acquired Oklahoma Water Resources
Board (OWRB) Chl data, calculated averages from 1999 through 2006 (between 10 and
15 samples at each site) at 7 locations on Lake Tenkiller show levels above 10 µg/L Chl
at four of the locations (OWRB, 2006).  These seven locations are illustrated in Figure
C1.

62. WHO (1999) guidelines are widely used in the public health community to
evaluate potential risks that may be posed by cyanobaceria in water supplies.  Those
guidelines state that at a density less than 20,000 cells/mL of cyanobacteria there exists
relatively low risk of adverse human health effects, while at or above 100,000 cells/mL
there is moderate risk and, when visible scum of cyanobacteria is present, there is high
risk of adverse health effects.  Pilotto (1997) has suggested that these guidelines, while
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they are commonly employed, may not in and of themselves be adequate to protect
human health.

63. Results from sampling by CDM (2006, 2007) and OWRB and U.S. Army Corps of
Engineers (ACoE; 2004, 2005) from several different locations (Figure C1 and C2) on
Lake Tenkiller during August 2004 through August 2007 showed that approximately
58% of all samples (233/404) exhibited cyanobacterial densities of greater than 20,000
cells/mL.  In addition, as listed in Table C2, approximately 24% (55/233) of those
samples that were greater than 20,000 cells/ml exceeded 100,000 cells/mL (moderate
risk), and one June 2006 sample exceeded 1,000,000 cells/mL.

64. Cell sizes of the cyanobacteria can vary considerably within and between species,
therefore cell numbers alone may not be the only or the ideal measure of population
size or potential toxicity risk (WHO, 1999).  It is possible for biological volume of cells
(“biovolume”) to be estimated from cell counts and average cell volumes, and the
resultant converted data reported as micrometers cubed per milliliter of water
(µm3/mL).  However, no federal or state standards currently are available for
comparison with measured biovolume values.  When compared to measuring
cyanobacterial genotypes, Janse et al. (2005) found that the monitoring of algal
biomass/biovolume can be an adequate predictor of toxin production.  The ACoE
collected samples during the period from 2001 through 2004 from four different
locations along Lake Tenkiller (Figure C2), and reported cyanobacteria in units of
biovolume.  These results are shown in Table C3 and show biovolume levels ranging
from 1,800 to 60,802,075,714 µm3/mL (over 60 billion µm 3/mL).  Of the 128 total
samples, 64% were greater than 1,000,000 µm3/mL, 28% were greater than 100,000,000
µm3/mL, and 20% were greater than 1,000,000,000 µm3/mL.  Cyanobacteria biovolume
ranges for all of the CDM and OWRB samples that were greater than 20,000 cells/mL
ranged from 22,000 µm3/mL to 13,000,000 µm3/mL.  Thus, despite the absence at
present of a rigorous biovolume standard, these results clearly represent potentially
harmful amounts of cyanobacterial algal growth along Lake Tenkiller over four
consecutive seasons.
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65. The demonstrated increases in algal growth in parts of the Illinois River
Watershed and Lake Tenkiller represent an imminent and substantial endangerment to
human health.

Statement of Opinions

66. Based on the information presented in this report, coupled with my professional
training and experience, I have the following opinions:

• There are ongoing and widespread conditions of bacterial contamination
elevated over a large proportion of the Illinois River Watershed, including
those areas where common uses of the Illinois River and its tributaries
include aquatic recreation.  The magnitude and the distribution of the
elevated bacterial contamination represent imminent and substantial
endangerments to human health.  Several lines of evidence support the
conclusion that these elevated levels of bacteria are primarily attributable to
the land disposal of poultry waste.

• Increases in nutrients (e.g., phosphorus) related to the land disposal of
poultry waste have resulted in eutrophication and increased algal growth
broadly in the Illinois River Watershed, including Lake Tenkiller.  These
increased levels of algae and other forms of waterborne organic carbon
combine with the normal drinking water disinfection process to produce
potentially dangerous Disinfection Byproducts, such as trihalomethanes
(THMs) and haloacetic acids (HAA5s).  Routine and specific sampling
results have identified levels of THMs and HAA5s in drinking water
distribution systems that withdraw water from the Illinois River Watershed,
and these levels represent an imminent and substantial endangerment to
human health.

• Increases in nutrients (e.g., phosphorus) related to the land disposal of
poultry waste have resulted in eutrophication and increased algal growth
broadly in the Illinois River Watershed, including Lake Tenkiller.  Among
the measures of increased eutrophication is the detection of potentially
dangerous levels of Cyanobacteria, also termed “Harmful Blue Green
Algae”.  The levels of Cyanobacteria reported in a number of studies
conducted within Lake Tenkiller represent an imminent and substantial
endangerment to human health.

• There are biological and chemical hazards and impairments (i.e., bacteria
and indicator organisms, THMs/HAA5s, cyanobacteria) within the Illinois
River Watershed which are present at levels that are capable of causing
damage to human health and which will continue to do so unless action is
taken to eliminate the sources or major contributing factors for each of
these hazards and impairments.  The process of applying poultry waste to
fields is a significant contributor to the development and persistence of
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Radon Measurement Specialist (FL HRS Certification R1032), 1989 to present.

Technical Referee: Human & Ecological Risk Assessment (1999-present); Nonlinearity in Biology,
Toxicology and Medicine (2005-present); Ohio Journal of Science (1988-1992); Bulletin of Marine Sci.
(1994-1998); Environmental Toxicology & Chemistry  (1997-present); Environmental Biology of Fishes
(1987-1990), Soil & Sediment Contamination (2002-present), Environmental Forensics (2006-present).

Director, Tallahassee Marathon/Half Marathon, 1989, 1990, 1991, 1995.

Outstanding Research Award, University of Arkansas Medical School, 1984.

Who's Who Among American College Students, 1983.

Graduation With Honors, Pennsylvania State University, 1975.

National Merit Scholar Program, 1971.

Eagle Scout, l969  (Troop 1, Boy Scouts of America; Paoli, PA; Assistant Scoutmaster 1971 to 1975)
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SUMMARY OF ACTIVITIES
Dr. Teaf received a BS (Biology) from Penn State and MS (Biological Science) from Florida

StateUniversity.  He earned a Ph.D. (Toxicology) from the University of Arkansas for Medical Sciences
and conducted his research at the National Center for Toxicological Research.  His experience includes
positions of Associate Director, FSU Center for Biomedical & Toxicological Research and Hazardous
Waste Management since 1983, and Director of Toxicology for HSWMR, Inc. since 1985 (President since
1989).  From 1980 to 1982 he served as Research Staff for the Governor's Hazardous Waste Policy
Advisory Council.

Areas of research and professional activity include: toxicological risk assessment for exposure to
occupational and environmental chemicals under requirements of OSHA, CERCLA, SARA, RCRA,
TSCA, and related state or federal legislation; modification of mutagenicity by environmental factors;
effects of drugs and alcohol, male reproductive toxicology, aquatic toxicology, and waste management.
Dr. Teaf has served as peer reviewer for: Human & Ecological Risk Assessment; Environmental
Forensics; Nonlinearity in Biology, Toxicology and Medicine; Environmental Toxicology & Chemistry;
Bulletin of Marine Science; Ohio Journal of Science; Chemosphere; Environmental Biology of Fishes,
and reviews of research submitted to the Agency for Toxic Substances and Disease Registry (ATSDR).
He is on Editorial Boards for Soil & Sediment Contamination and Environmental Forensics, and is
Senior Human Risk Assessment Editor for Human & Ecological Risk Assessment.  He has directed
or conducted research for the U.S. Environmental Protection Agency (USEPA), U.S. Department of
Agriculture, and several agencies in Florida, including: Department of Labor, Department of
Environmental Protection (FDEP), Department of Health (FDOH), and Department of Community
Affairs.  He served as toxicologist to the Governor's Financial & Technical Advisory Committee (1986-
1992), and for the state Landfill Technical Advisory Group (1993-1994).  He presently serves as
toxicologist for the state Petroleum Underground Storage Tanks Technical Advisory Committee.  He
was Co-chair of the Human Health Committee, Florida Comparison of Environmental Risks Project, a
cooperative study funded by USEPA, FDEP and other agencies.  He served as Chair of the Toxic
Substances Advisory Council for the Florida Department of Labor, which implemented the Florida
Right-to-Know Law.  Dr. Teaf is toxicologist for and served as Vice-Chair of the District 2 Local
Emergency Planning Committee (State Emergency Response Commission).  From 1986-1989, he was
liaison between the State University System of Florida Toxicological Research Coordinating Committee
and FDEP.  He presently is involved in activities in the U.S. and abroad related to preventing chemical
terrorism.  From 1998-2005, Dr. Teaf was actively involved in the statewide Contaminated Soils Forum
and a technical subgroup, the Methodology Focus Group.  He has served on graduate committees at
Florida A&M University and Georgia Tech.

Chris has taught graduate and undergraduate courses at Florida State University, Florida A&M, the
University of Florida, and Georgia Tech.  He has organized and participated in seminars and training
courses for many groups including the World Health Organization (WHO), USEPA, U.S. Department
of Agriculture, ATSDR, FDOH, Florida Engineering Society, Florida Bar Association, FDEP, Florida
Department of Education, Florida Chamber of Commerce, National Conference on Waste Exchange
and Resource Reuse, National Hazardous Materials Training Center, and American Bar Association.
He has served on Advisory Committees for MGP '95 (International Symposium on the Cleanup of
Manufactured Gas Plants; in Prague), and for the six International Symposia on Environmental
Contamination in Central & Eastern Europe (Budapest, Warsaw, Prague), among others.

Dr. Teaf has provided technical services on toxicology, environmental and human health risk
assessment, waste management, recycling, water quality, and occupational health/safety, particularly
regarding OSHA Hazard Communication Standard, Florida Right-to-Know Law and federal
requirements under RCRA, CERCLA, and TSCA or related state regulations, including CERCLA cost
allocations.  He has provided services to the U.S. Attorney, and Florida State Attorney, as well as
Attorneys General of Florida, Washington and Oklahoma.  Dr. Teaf has testified on environmental
issues, alcohol/drugs, occupational exposures, chemical health effects, and toxicological risk
assessment to regulatory, legislative and judicial bodies.

Case 4:05-cv-00329-GKF-PJC     Document 2180-11 Filed in USDC ND/OK on 06/05/2009     Page 54 of 114



March 2008 – p. 5

SUMMARY OF PROFESSIONAL POSITIONS:

Associate Director
Center for Biomedical & Toxicological Research and Waste Management
Florida State University (Tallahassee, FL)
1983 to present

Director of Toxicology
Hazardous Substance & Waste Management Research, Inc. (HSWMR; Tallahassee, FL)
1985 to present  (President, 1989 to present)

Advisory Board
Center for Terrorism and Public Health
Florida State University College of Medicine
2002 to present

Adjunct Faculty
College of Pharmacy & Pharmaceutical Sciences
Florida A & M University (Tallahassee,  FL )
1998 to present

Board Member
Dog Island Conservation District
Franklin County, Florida
2002 to present (Chair, 2004 to present)

Board of Directors
Southern Waste Information Exchange (Tallahassee, FL)
2000 to present (Chair, 2000 to 2004)

Associate in Medicine
Program in Medical Sciences / FSU Medical School
Florida State University (Tallahassee, FL)
1995 to 2002

Toxicologist
Toxic Substances Advisory Council
Florida Department of Labor & Employment Security (Tallahassee, FL)
1990 - 1998 (Chairman, 1992 to 1998)

Toxicologist
Petroleum Underground Storage Tanks Advisory Committee
Florida Department of Environmental Protection (Tallahassee, FL)
1996 to present

Toxicologist
District 2 Local Emergency Planning Committee
Florida Department of Community Affairs (Tallahassee, FL)
1987 to present (Vice Chairman, 1991)

Toxicologist
Florida Landfill Technical Advisory Group
Florida Department of Environmental Protection (Tallahassee, FL)
1993 - 1994
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Adjunct Faculty
Interdisciplinary Toxicology Program
University of Arkansas for Medical Sciences (Little Rock, AR )
1986 - 1989

Toxicologist
Governor's Financial and Technical Advisory Committee
Florida Department of Environmental Regulation (Tallahassee, FL)
1986 - 1992

Research Assistant
National Center for Toxicological Research and the University

of Arkansas for Medical Sciences (Little Rock, AR)
1983 - 1985

Associate Director
Southern Waste Information Exchange (Tallahassee, FL)
1981 - 1983

Research Staff
Florida Governor's Hazardous Waste Policy Advisory Council
1980 - 1982

Research Associate, Hazardous Waste Management Program
Florida State University (Tallahassee, FL)
1979 - 1983

Teaching/Research Assistant
Departments of Biological Science and Oceanography
Florida State University (Tallahassee, FL)
1976 - 1980

Animal Technician
Wyeth Laboratories (Philadelphia, PA)
1975 - 1976
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TEACHING EXPERIENCE:

Air Quality (Indoor/Outdoor)
Alcohol and Other Drugs
Aquatic Toxicology
Carcinogenesis and Carcinogens
Comparative Vertebrate Morphology
Dermal Toxicology
Emergency Response and Contingency Planning
Environmental Chemistry & Behavior of Chemicals
General Zoology
Hazardous Waste Management
Health and Safety for Site Investigation and Response Personnel (40 Hr and 8 Hr)
Ichthyology
Inhalation Toxicology
Industrial and Occupational Toxicology
Metals Toxicology (e.g., arsenic, lead, mercury, nickel, vanadium, cadmium, chromium)
Mutagenesis
Nephrotoxicity
Airborne Particulates
Right-to-Know and Hazard Communication Laws (OSHA and state)
Pesticide Toxicology
Principles of Toxicology and Risk Assessment
Radionuclides and Radiation Toxicology
Reproductive Toxicology
Research Diving Techniques
Seafood Safety: Health Effects from Contaminated Products
Toxicology of Solvents and Other Organic Hydrocarbons
Toxicological Risk Assessment
Toxicology and Management of Mixed Wastes (Chemical/Radiological)
Toxicology for Physicians, Nurses, and Other Public Health Personnel

Courses listed represent those taught at Florida State University, University of Florida, University of North Florida,
Florida A & M University, Georgia Institute of Technology and Tallahassee Community College.  At Florida State
University, Dr. Teaf has taught classes in the Departments of Biology, Chemistry, Engineering, Geology,
Oceanography, and Urban & Regional Planning.  Course coverage ranges from single day short courses to full semester
graduate level and undergraduate level courses.
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PUBLICATIONS AND SELECTED ABSTRACTS:

Weeks, N., D. Jones, C.M. Teaf, T. Lubozynski and Petrovich, M.  2007.  RBCA and Conditional Closure
as a Brownfields Tool.  10th Annual Florida Brownfields Conference & Exhibition.  November, 2007.
Orlando,  FL.

Teaf, C.M., D.J. Covert and S. Kothur.  2007.  Urban Polycyclic Aromatic Hydrocarbons (PAHs): A
Florida Perspective.  23rd Annual International Conference on Soils, Sediments and Water.  October,
2007.  Amherst, MA.

Teaf, C.M. and B.L. Johnson.  2007.  Ethics in Technical Publications: How Can the System Identify and
Address Scientific Fraud.  23rd Annual International Conference on Soils, Sediments and Water.
October, 2007.  Amherst, MA. (Also served as Session Moderator).

Teaf, C.M., D.J. Covert, R. M. Coleman, M. Petrovich, R.S. Murali, and V. Yarina.  2007.  Risk Issues and
Background Evaluation for Arsenic in Soil at a Planned Residential Development.  Contaminated Soils,
Sediment & Water Volume 12: pp. 77-82.  (Also served as Session Moderator).

Teaf, C.M.  2006.  Disinfection byproducts: Benefits & limitations of existing drinking water guidelines.
U.S. Environmental Protection Agency Federal-State Toxicology and Risk Analysis (FSTRAC) “Safe &
Clean Water” Meeting.  December, 2006.  Clearwater, FL.

Khankhasayev, M., R. Herndon, J. Moerlins and C.M. Teaf.  2006.  Overview of NATO CCMS Pilot
Study on Environmental Decision-making for Sustainable Development in Central Asia.  In: Vogtmann,
H. and N. Dobretsov (eds.). Environmental Security and Sustainable Land Use – with special reference
to central Asia.  Springer Publishers, NATO Security through Science Series.  379 pp.

Coleman, R.M., C.M. Teaf, V.P. Cavey, D.J. Covert, S.N. Hughes, M. Marcus, M. McClure.  2006.
Achievement of a Beneficial Use Designation for a Specialized High Volume Byproduct.  Contaminated
Soils, Sediments and Water.  Volume 11, Chapter 3, pp. 27-48.

Teaf, C.M.  2006.  Arsenic bioavailability workshop: Physical and chemical characteristics of soils which
influence decisions regarding arsenic bioavailability and health risks.  EPRI Arsenic Work Group.
December, 2006.  Tampa, FL

Teaf, C.M. and B.L. Johnson.  2006.  Fraud and deception in publication of scientific research: Is there a
solution?  Human and Ecological Risk Assessment 12(4): 623-625.

Teaf, C.M.  2006.  Forward to Volume 11.  In:  Kostecki, P.T., and E.J. Calabrese (eds.), Proceedings of
the 21st Annual International Conference on Soils, Sediments and Water. Amherst, MA.  Soil & Sediment
Contamination,  Volume 11, pp ix - x.

Teaf, C.M., B. Merkel, H.M. Mulisch, J.M. Kuperberg, and E. Wcislo.  2006.  Industry, mining and
military sites: Potential hazards and information needs.  In: Schmoll, O. et al. (eds.), Protecting
Groundwater for Health: Managing the Quality of Drinking-water Sources (Chapter 11).  IWA
Publishers, London, UK.  pp. 309-336.

Teaf, C.M., B. Merkel, H.M. Mulisch, J.M. Kuperberg, and E. Wcislo.  2006.  Industry, mining and
military sites: Control and protection.  In: Schmoll, O. et al. (eds.), Protecting Groundwater for
Health: Managing the Quality of Drinking-water Sources (Chapter 23).  IWA Publishers, London, UK.
pp. 613-630.

White, M., D. Rountree, K. Geis, S. Kastury, K. Taylor, J. Curtis, D. Covert, and C.M. Teaf.  2006.
Cascades Park: Remediation and Beneficial Recreational Redevelopment of a Former Manufactured
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Gas Plant Site.  22nd Annual International Conference on Contaminated Soils, Sediments and Water.
October, 2006.  Amherst, MA.

C.M. Teaf, D.J. Covert, R. M. Coleman, M. Petrovich, R.S. Murali, and V. Yarina.  2006.  Risk and
Background Evaluation for Arsenic in Soil at a Planned Residential Development. 22nd Annual
International Conference on Contaminated Soils, Sediments and Water.  October, 2006.  Amherst, MA.

Clark, B.S., P.T. Medico, F.J. Bermudez, M. Clewner, R.G. Wilkins, R.M. Coleman and C.M. Teaf.  2006.
Beneficial Use of C&D Recovered Screen Material in Residential Applications: A Case Study.  Soil &
Sediment Contamination 11 (3):  355-360.

Teaf, C.M.  2006.  A Toxicologist’s Perspective on Industrial Exposures.  Workers First Watch, Fall 2006.
pp. 17-22.  (Originally published as a paper in Proceedings of the Annual Spring Conference & CLE for the
Workers Injury Law & Advocacy Group.  May, 2006.  Lake Buena Vista, FL.)

Teaf, C.M. and J.M. Kuperberg.  2006  Investigation and Information Collection for Contamination at
Industrial Sites.  In: Chorus, I. et al. (eds.),  Monograph on Characterization and Mitigation of Surface
Water Contamination.  World Health Organization.  In editorial review for publication in 2006.

Teaf, C.M. and J.M. Kuperberg.  2006  Critical Control Points and Prevention of Contamination for
Industrial Sites.  In: Chorus, I. et al. (eds.),  Monograph on Characterization and Mitigation of Surface
Water Contamination.  World Health Organization.  In editorial review for publication in 2006.

Teaf, C.M. and B.J. Tuovila.  2005.  Indoor Air & Human Health: 21st Century Considerations.  8th
Annual Florida Brownfields Conference.  October, 2005.  Jacksonville,  FL.

Coleman, R.M., V.P. Cavey, D.J. Covert, S.N. Hughes, M. Marcus, M. McClure, and C.M. Teaf.  2005.
Achievement of a Beneficial Use Designation for a Specialized High Volume Byproduct.  21st Annual
International Conference on Contaminated Soils, Sediments and Water.  October, 2005.  Amherst, MA.

Clark, B.S., P.T. Medico, F.J. Bermudez, M. Clewner, R.G. Wilkins, R.M. Coleman and C.M. Teaf.  2005.
Beneficial Use of C&D Recovered Screen Material in Residential Applications: A Case Study. 21st
Annual International Conference on Contaminated Soils, Sediments and Water.  October, 2005.
Amherst, MA.

Teaf, C.M.  Toxicology, Epidemiology & Public Health in the Courtroom.  Florida Chamber of
Commerce Summer School.  July, 2005.  Marco Island, FL.

Teaf, C.M.  2005.  Science of Toxicology: Applications to Human Health Risk Assessment.  Florida
Association of Environmental Professionals Spring Conference.  May, 2005.  Jacksonville,  FL.

Coleman, R.M., V.P. Cavey, D.J. Covert, S.N. Hughes, M. Marcus, M. McClure, and C.M. Teaf.  2005.
Acquiring a Florida Beneficial Use Designation (BUD) for a High Volume Utility Byproduct.  42nd

Annual Conference of the Air & Waste Management Association, Florida Section.  November, 2005.  St.
Petersburg, FL.

Teaf, C.M., P.T. Medico, F.J. Bermudez, and B.S. Clark.  2005.  Case Study: Beneficial Use of RSM in
Residential Land Use Conditions.  15th Annual Materials Reuse and Recycling Conference.  June, 2005.
Key West, FL.

Teaf, C.M.  2005.  Chemicals in the Workplace: How a Toxicologist Analyzes Exposure.  10tth

Anniversary Conference & CLE for the Workers Injury Law & Advocacy Group.  April 10, 2005.
Washington, DC.
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Teaf, C.M.  2005.  Critical Ecological Attributes and Historical Interstate Disputes Regarding the
Apalachicola-Chattahoochee-Flint River System: A Panel Discussion. NATO Pilot Study Meeting: Tools
and Approaches for Sustainability and Environmental Decision-Making in Central Asia.  Wakulla
Springs, FL.  March, 2005.

Teaf, C.M. and B. W. Nocita.  2005.  Site Investigation & Evaluation of Results: Assessment of
Contamination and Risk.  Technical Seminar for Hillsborough County Bar Association.  February, 2005.
Tampa, FL.

Teaf, C.M., H.V. Ritchie and R.M. Coleman.  2004.  Status of the Science on Mold and Health Issues.
Technical Seminar for First Coast Manufacturers Association.  August, 2004.  Jacksonville, FL.

Teaf, C.M., B.J. Tuovila, E.J. Zillioux, A. Shipp, G. Lawrence, C. Van Landingham.  2004. Nickel
Carcinogenicity in Relation to the Health Risks from Residual Oil Fly Ash.  Human & Ecological Risk
Assessment 10(4): 665-682.   

Teaf, C.M. and R.M. Coleman.  2004.  Where Does the Science Stand on Mold Issues?  Technical
Seminar for White & Case Law Firm and for Marsh, Inc.  January, 2004.  Miami, FL.

Teaf C.M. and J.M. Kuperberg.  2004.  Risk Assessment, Risk Management and Risk Communication:
Principles and Applications.  In: Teaf, C.M. et al. (eds.), Risk Assessment as a Tool for Water Resources
Decision-Making in Central Asia: Proceedings of a NATO Advanced Research Workshop. Kluwer
Academic Publishers, Dordrecht, Netherlands.  NATO Science Series, Earth and Environmental
Sciences 34: 1-15.

Teaf, C.M., B. Yessekin and M. Khankhasayev (eds).  2004.  Water Resources and Environmental
Decision-Making in Central Asia: Proceedings of a NATO Advanced Research Workshop. Kluwer
Academic Publishers, Dordrecht, Netherlands.  NATO Science Series, Earth and Environmental
Sciences Volume 34.  324 pp.

Kuperberg, J.M., C.M. Teaf and H.V. Ritchie. 2003.  Clean Up Approaches.  In: Stapleton, R.M. (ed.),
Pollution A to Z.  Macmillan Reference Books, New York, NY.

Finley, B.L., T.J. Iannuzzi, N.D. Wilson, J.C. Kinnell, V. Craven, S. Lemeshow, C.M. Teaf, E.J. Calabrese
and P.T. Kostecki,.  2003.  The Passaic River Creel Angler Survey: Expert Panel Review, Findings and
Recommendations. Human and Ecological Risk Assessment 9(3): 829-855.

DeMeo, R.A. and C.M. Teaf.  2003.  Roles of the Attorney and Technical Consultants in Planning,
Preparing and Presenting a Technical Case in Litigation.  For National Registry of Environmental
Professionals (NREP) and the International Society of Technical and Environmental Professionals
(INSTEP).  Orlando, FL.  November, 2003.

Teaf, C.M.  2003.  Overview of Risks Posed by Biological and Chemical Contaminants in Drinking
Water. NATO Pilot Study Meeting: Tools and Approaches for Sustainability and Environmental
Decision-Making in Central Asia.  Almaty, Kazakhstan.  November, 2003.

Aertgeerts, R., J. Colford and C.M. Teaf.  2003.  Potential Health Effects of Saline Waters: Toxicology &
Epidemiology.  Proceedings of the Sixth International Symposium on Environmental Contamination in
Central and Eastern Europe, Prague, Czech Republic. September, 2003.  (Also served as Session
Moderator).

Teaf, C.M., D.J. Covert and R.M. Coleman.  2003.  Risk Assessment Applications Beyond Baseline Risks
and Clean-up Goals.  Soils & Sediment Contamination 12(4): 497-506.  July, 2003.
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Teaf, C.M.  2003.  Chemical Agents Relevant to Terrorism Against Food Supplies and Water.  2003.
Statewide Health Department Video Conference on Chemical Terrorism.  For Florida State University
College of Medicine and Florida Department of Health.  June, 2003.

Teaf, C.M., D.J. Covert and R.M. Coleman.  2003.  Arsenic in Florida: An Update on the SCTL Process.
For Air & Waste Management Association.  Pensacola, FL.  May, 2003.

Teaf, C.M.  2003.  Toxicology and adverse health impacts from the consumption of highly saline water
supplies.  World Health Organization Public Health Initiatives Meeting.  Copenhagen, Denmark. April,
2003.

Teaf, C.M., D.J. Covert and R.M. Coleman.  2002.  Risk Assessment Applications in Atypical
Circumstances. 18th Annual International Conference on Contaminated Soils, Sediments and Water.
Amherst, MA.  October, 2002.

Teaf, C.M. and J.M. Kuperberg.  2002.  Development of Health-based Water Criteria for Environmental
Chemicals: Theory and Application.  NATO Advanced Research Workshop: Risk Assessment as a Tool
for Environmental Decision-Making in Central Asia.  Almaty, Kazakhstan.  September, 2002.

Teaf, C.M.  2002. Risk Assessment & Risk Management: Goals and Applications.  NATO Advanced
Research Workshop on Water Resources and Environmental Decision-Making in Central Asia.  Almaty,
Kazakhstan.  September, 2002.

Teaf, C.M., J.M. Kuperberg, H.V. Ritchie and B.J. Tuovila.  2002.  Vulnerability of Water Systems to
Chemical Attack.  In: R. Aertgeerts (ed.), Prevention and Management of Substance Terrorism Against
Water Services.  World Health Organization Monograph.  85 pp.

I. Petrisor, M. Stefanescu, S. Dobrota, A. Voicu and C.M. Teaf.  2002.  Microbiota Involved in Vegetation
of Sulphidic Mine Tailings: Greenhouse Experiments. 18th Annual International Conference on
Contaminated Soils, Sediments and Water.  Amherst, MA.  October, 2002.

Teaf, C.M., J.M. Kuperberg, and H.V. Ritchie.  2002..  Toxicology and the Environmental Behavior of
Selected Chemical Terrorism Agents.  Environmental Response Team Training, Florida Department of
Environmental Protection, Division of Law Enforcement.  Camp Blanding, FL.  April, 2002.

Teaf, C.M., H.V. Ritchie, and J.M. Kuperberg.  2002.  Chemical Terrorism: Properties and Toxicological
Effects of Selected Agents.  Conference on Terrorism in the New Millenium.  Tampa, FL.  April, 2002.

Petrisor, I., K. Komnitsas, I. Lazar, J.M. Kuperberg and C.M. Teaf.  2002.  Studies on Biosorption of
Heavy Metals from Mine Effluents.  Proceedings of the 12th Annual West Coast Conference on
Contaminated Soil, Sediment and Water.  San Diego, CA.  March, 2002.

Teaf, C.M., J.M. Kuperberg, I.G. Petrisor, E. Wcislo, R. Kucharski, T. Hazen and A. Tien.  2001.
Bioremediation of a Petroleum-contaminated Site in Southern Poland: Phase 1 – Site Characterization
and Risk Assessment. Proceedings of the First International Congress on Petroleum Contaminated
Soils, Sediments & Water.  London, UK, August 2001. (Also served as Session Moderator)

Petrisor, I.G., S. Dobrota, A. Voicu,  M. Stefanescu, C. Teaf, M. Kuperberg.  2001.  Emulsifying Activity
of Several Good Hydrocarbon Degrading Bacterial Strains.  Proceedings of the First International
Congress on Petroleum Contaminated Soils, Sediments & Water.  London, UK, August 2001.

Kuperberg, J.M., C.M. Teaf, I.G. Petrisor, A. Worsztynowicz, M. Adamski, M. Heitkamp, T. Hazen and
A. Tien.  2001.  Bioremediation of a Petroleum-contaminated Site in Southern Poland: Phase 2 – Biopile
Construction and Operation.  Proceedings of the First International Congress on Petroleum
Contaminated Soils, Sediments & Water.  London, UK, August 2001.
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Teaf, C.M.  2001.  Risk Assessment Principles and Practice in the US.  Planning Seminar on Introduction
of the Rapid Environmental and Health Risk Assessment Protocol for the Lower Danube River.  World
Health Organization and Italian Ministry of the Environment.  Sofia, Bulgaria, January, 2001.

Petrisor, I.G., S. Dobrota, I. Lazar, A. Voicu,  M. Stefanescu, M. Kuperberg, and C. Teaf,.  2001.  Field
Deployment of Oily Sludge Bioremediation in Romania.  Proceedings of the 2001 International
Containment & Remediation Technology Conference abd Exhibition.  Orlando,  FL.

Teaf, C.M.  2000.  Toxic Effects of Chlorinated and Nonchlorinated Solvents.  In: Williams, P. et al.
(eds.),  Principles and Practices of Toxicology: Industrial and Environmental Applications.  John Wiley
& Sons, Inc., New York, NY.

Donkin, S.R., D.L. Ohlson and C.M. Teaf.  2000.  Properties and Effects of Metals.  In: Williams, P. et al.
(eds.),  Principles and Practices of Toxicology: Industrial and Environmental Applications.  John Wiley
& Sons, Inc., New York, NY.

Teaf, C.M. and P. Middendorf.  2000.  Mutagenesis and Genetic Toxicology.  In: Williams, P. et al.
(eds.),  Principles and Practices of Toxicology: Industrial and Environmental Applications.  John Wiley
& Sons, Inc., New York, NY.

Smoak, J.M., M. Brenner, M.S. Allen, C.M. Teaf and B.J. Tuovila.  2000.  Elevated radium in Florida
lakes.  Proceedings of the American Geophysical Union meeting, San Francisco, CA.  December, 2000.

Abdel-Rahman, M.S., H. Brown, B.G. Callahan, R. Di Giulio, C. Metcalfe, C. Teaf, and R. Yang.  2000.
Peer Review Panel Report for the Fox River Human and Ecological Risk Assessments.  Association for
Environmental health & Sciences, Amherst, MA.  June, 2000.

Leeper, D.A., M.H. Kelly, M. Brenner, J.M. Smoak, W. Kenney, T.J. Whitmore, M.S. Allen, C.L. Schelske,
B.J. Tuovila and C.M. Teaf.  2000.  Radium-226 in Florida lakes: bioaccumulation and environmental
risks. North American Lake Management Society 2000 Annual Meeting.  Miami, FL. November, 2000.

Khan, A., S. Pack and C.M. Teaf.  2000.  Dilution Attenuation Factors for RBCA at Miami International
Airport. Proceedings of the Air & Water Resource Association Annual Conference.  Miami, FL.
November, 2000.

Kuperberg, J.M., C.M. Teaf, S. Dushenkov, C. Negri, R. Kucharski and A. Sas-Nowosielska.  2000.
Phytoremediation – risk-based evaluation. Proceedings of the Fifth International Symposium on
Environmental Contamination in Central and Eastern Europe, Prague, Czech Republic. September,
2000.  (Also served as Session Moderator).

Rygiel, P.R. and C. M. Teaf.  2000. Disparate Information Obtained From Separate Analytical
Techniques for Arsenic Determination in Groundwater:  Implications for Risk Assessment.
Proceedings of the Fifth International Symposium on Environmental Contamination in Central and
Eastern Europe, Prague, Czech Republic.  September, 2000.  (Also served as Session Moderator).

Teaf, C.M., B.J. Tuovila, J.M. Kuperberg, D.A. Leeper, M.H. Kelly, M. Brenner, J.M. Smoak, M.S. Allen.
2000. Potential Health and Environmental Risks Associated with 226Radium in Florida Lakes.
Proceedings of the Fifth International Symposium on Environmental Contamination in Central and
Eastern Europe, Prague, Czech Republic.  September, 2000.  (Also served as Session Moderator).

Sellers, L., S. Emery, J. Wojtecki, and C.M. Teaf.  2000.  Managing Sites with Chemical Issues:
Evaluation and Presentation of Risk Information.  Florida Chamber of Commerce 14th Annual
Environmental Permitting Summer School.  Marco Island, FL, July, 2000.
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Toxicological Sciences 48 (1-S): 187.
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Similarities and Differences.  In: Choppin, G.R. and M.K. Khankhasayev (eds.), Chemical Separation
Technologies and Related Methods of Nuclear Waste Management – Applications, Problems and
Research Needs.  Proceedings of the NATO Advanced Study Institute, held in Dubna, Russia, May,
1998.  Kluwer Academic Publishers, Dordrecht, Netherlands.  pp. 261-272.

Teaf, C.M., R.G. Cooper and J.J. McNally.  1999.  Arsenic associated with golf course operations: on-site
and off-site risk considerations for soils and water.  Annual Meeting of the Society for Risk Analysis.
Atlanta, GA.  December, 1999.

Teaf, C.M.  1999.  Can regulatory agency actions accommodate hormesis, adaptation and mechanisms
of toxicity?  Biological Effects of Low Level Exposures 8 (1): 19-21.
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Fleming, L.E., J.A. Bean, I.K. Stabile and C.M. Teaf.  1999.  Evaluation of epidemiologic studies on the
human health effects associated with hazardous waste incineration facilities.  In: Roberts, S.M., J. Bean
and C.M. Teaf (eds.), Hazardous Waste Incineration:  Evaluating the Human Health and
Environmental Risks (Chapter 10). CRC Press, Boca Raton, FL.  pp. 253-282.

Teaf, C.M., I.K. Stabile and P. Moffat.  1999  Characterization of potential emissions from hazardous
waste incinerators and related facilities.  In: Roberts, S.M., J. Bean and C.M. Teaf (eds.), Hazardous
Waste Incineration:  Evaluating the Human Health and Environmental Risks (Chapter 2). CRC Press,
Boca Raton, FL.  pp. 23-50.

Teaf, C.M., I.K. Stabile, P. Moffat and J.M. Kuperberg.  1999  Physical, chemical and toxicological
properties of potential emissions from hazardous waste incinerators and related facilities.  In: Roberts,
S.M., J. Bean and C.M. Teaf (eds.), Hazardous Waste Incineration:  Evaluating the Human Health and
Environmental Risks (Chapter 3). CRC Press, Boca Raton, FL.  pp. 51-85.

Teaf, C.M.  1999.  Toxicology and Risk Assessment Considerations Concerning Chlorinated Solvents in
Groundwater. For Florida Department of Health and Agency for Toxic Substances and Disease
Registry (ATSDR).  Wakulla Springs, FL.  May, 1999.

Teaf, C.M.  1998.  Session Moderator’s Summary for Human Health Risk Assessment.  Human and
Ecological Risk Assessment 4(3): 671-674.

Tonner-Navarro, L.E., J.L. Phelps, S.M. Roberts and C.M. Teaf.  1998.  Methods for Developing Risk-
based Cleanup Goals for Complex Mixtures.  Human and Ecological Risk Assessment 4(3): 721-736.

Goodheart, G.F., C.M. Teaf and M.J. Manning.  1998. Coupling Risk-Based Remediation with
Innovative Technology.  Pollution Engineering 30(5): 48-50.

Kerger, B.D. and C.M. Teaf.  1998.  Validating airborne chemical  exposure assessment for juries:  two
case studies involving chlorinated hydrocarbons in groundwater. Society for Risk Analysis, Risk
Science and Law Specialty Group.  Phoenix, AZ.  December, 1998.

Case 4:05-cv-00329-GKF-PJC     Document 2180-11 Filed in USDC ND/OK on 06/05/2009     Page 63 of 114



March 2008 – p. 14

Wcislo, E., J.M. Kuperberg and C.M. Teaf.  1998.  Risk Assessment as a Tool for Guiding
Phytoremediation Activities: A Case Study for the Bytom Site in Poland. Proceedings of the 1998
Fourth International Symposium on Environmental Contamination in Central and Eastern Europe,
Warsaw, Poland.  September, 1998. (Also served as Session Moderator).

Teaf, C.M., D.J. Rillstone and M.J. Manning.  1998. Evaluation of Risks Posed by the Use of
Contaminated Groundwater for the Manufacture of Concrete.  Proceedings of the 1998 Fourth
International Symposium on Environmental Contamination in Central and Eastern Europe, Warsaw,
Poland.  September, 1998. (Also served as Session Moderator).

Teaf, C.M.  1998.  Toxicology & Health-Based Risk Assessment: Applications in the Workplace.
Proceedings of the National Aeronautics & Space Administration (NASA) Occupational Health
Conference.  Orlando, FL.  August 24, 1998.

Teaf, C.M.  1998.  Escambia Wood Treatment Facility:  Investigations and Public Health Issues.  For
Florida Department of Health and Agency for Toxic Substances and Disease Registry (ATSDR).
Annual Meeting of the Florida Environmental Health Association.  Cocoa Beach, FL.  June, 1998.

Teaf, C.M. 1998.  Risk Assessment for Chemicals & Radionuclides: Some Characteristics, Similarities
and Differences.  NATO Advanced Study Institute of Chemical Separation Technologies.  Dubna,
Russia.  May, 1998.

Teaf, C.M.  1998.  Toxicology & Health-Based Risk Assessment: Applications in the Workplace.
American Industrial Hygiene Association.  March, 1998.

Teaf, C.M.  1998.  Implementation of Risk-Based Corrective Action (RBCA) Under Different State and
Federal Cleanup Programs.  Florida Bar Association, Miami, FL.  January, 1998.

Kuperberg, J.M., M.G. Kolta, R. Kuharski, E. Wcislo, L. Gray and C.M. Teaf.  1997.  Use of Risk-Based
Approaches to Guide Environmental Remediation Research in Poland.  Society of Environmental
Toxicology and Chemistry, San Francisco, CA.  November, 1997.

Teaf, C.M., R.M. Coleman, M.J. Manning and D.J. Covert.  1997.  Site-specific Modification of the
Standard ASTM-Tiered Approach for a Complex Site in Florida. Society of Environmental Toxicology
and Chemistry, San Francisco, CA.  November, 1997.

Teaf, C.M.  1997.  Brownfield Development, Petroleum Sites and Risk-Based Corrective Action (RBCA):
Where Have We Been and Where Are We Going?  Annual Meeting of the Environmental and Land Use
Law Section of the Florida Bar.  Naples, FL.  August, 1997.

Teaf, C.M.  1997.  How Clean is Clean Enough?  The Use of Risk Assessment Techniques in Brownfields
Projects.  Air & Waste Management Association.  Gatlinburg, TN.  August, 1997.

Teaf, C.M., S.M. Roberts and E. Akin (co-panelists).  1997.  RBCA Cleanup Strategies for Brownfields
Properties.  Presented at Conference entitled The Challenges of Eastward Ho!: RBCA, Brownfields and
Environmental Justice.  Miami, FL.  June, 1997.

Teaf, C.M., M.J. Manning and G.F. Goodheart.  1997.  Use of Tiered Approaches to Cleanup Objectives
at Illinois Brownfields Sites.  Presented at Annual Meeting of the National Association of
Environmental Professionals.  May, 1997.  (Also served as Session Moderator).

Kuperberg, J.M., M.G. Kolta, E. Wcislo and C.M. Teaf.  1997.  The application of risk-based approaches
to the evaluation and remediation of a refinery site in Poland.  Annual Meeting of the Society of
Toxicology.  Cincinnati, OH.  March, 1997.
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Teaf, C.M.  1997.  Risk-Based Corrective Actions at RCRA Sites.  University of Florida TREEO
Hazardous Waste Management Course.  Ft. Lauderdale, FL.  January 16, 1997.

Teaf, C.M, R.M. Coleman, M.J. Manning, D.J. Covert and J.L. Phelps.  1996.  Multipathway Human
Health Risk Assessment Concerning Air Emissions from Combustion of Orimulsion Fuel.  Society for
Environmental Toxicology and Chemistry.  Washington, D.C.  November 21, 1996.

Teaf, C.M.  1996.  Risk-based corrective action: principles and practices.  Florida Association of
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Teaf, C.M.  1996.  Risk assessment practices and guidelines in the southern states.  1996 Environmental
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Teaf, C. M and I.K. Stabile.  1996.  Site-specific evaluation of potential public health risks: A case study
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remediation of a Polish refinery site.  Proceedings of the 1996 Third International Symposium on
Environmental Contamination in Central and Eastern Europe, Warsaw, Poland.  September, 1996.
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Facing Eastern Europe and the Former Soviet Union.  Journal of Transnational Law & Policy 5(2):1-42.

Teaf, C.M.  1996.  Toxicology and CERCLA Risk Assessments: Common Approaches & Applications.
American Bar Association, Section on Litigation.  Vail, CO.  February 19, 1996.

Roberts, S.M. and C.M. Teaf.  1995.  Filling in the gaps: Addressing toxicity potential not typically
included in risk assessments.  Presented at 1995 Conference on State of Practice of Risk Assessment in
Human Health and Environmental Decision Making.  Tallahassee, FL.  December 13-14, 1995.  (Also
served as Session Moderator).

Kuperberg, J.M., C.M. Teaf and M.G. Kolta.  1995.  Relative Toxicity as a Function of Environmental
Availability.  Land Contamination and Reclamation 3(4):3-4 to 3-5.  (Also served as Session Moderator).

Teaf, C.M., R.C. Herndon and D.M. Haney.  1995.  Risk Assessment: Principles and Applications to
Historical Manufactured Gas Plant Sites.  Land Contamination and Reclamation 3(4):3-21 to 3-23.  (Also
served as Session Moderator).

Wilson, I., I. Stabile and C.M. Teaf.  1995.  Behavior modification by means of targeted education in
high-risk raw oyster consumers.  Submitted to Florida Journal of Public Health.

Teaf, C.M.  1995.  Principles and Applications of Health-based Risk Assessment.  Keep Florida
Beautiful, Fall/Winter Edition 1995: pp. 26-29.

Teaf C.M.  1995.  Human Health and Environmental Risks Associated with Contaminated Military
Sites.  In: R.C. Herndon et al. (eds.), Cleanup of Former Soviet Military Installations: Identification and
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Selection of Environmental Technologies for Use in Central and Eastern Europe.  pp. 31-44.  Springer-
Verlag, New York, NY.

Stabile, I.K. and C.M. Teaf.  1995.  International Conference on Health Effects of Hazardous Wastes,
Atlanta, GA. June, 1995.  (Also served as Session Moderator).

Teaf, C.M.  1995.  Evaluating Potential Risks to the Public from a Superfund Site: Case Study.  For
Florida Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry (ATSDR).  Annual Meeting of the Florida Environmental Health Association.  Cocoa Beach,
FL.  May 11, 1995.

Teaf, C.M.  1995.  Medical Toxicology and Public Health Issues related to Florida Hazardous Waste
Sites.  For FSU Program in Medical Sciences, Florida Department of Health and Rehabilitative Services
and Agency for Toxic Substances and Disease Registry (ATSDR).  February, 1995.

Teaf, C.M.  1995.  Worker Health and Safety Requirements.  RCRA Inspector Training Institute, for U.S.
Environmental Protection Agency and Florida Department of Environmental Protection.  Orlando, FL.
January 24-26, 1995.

Teaf, C.M.  1995.  Weighing the Odds: An Overview and Perspective on Environmental Risk
Assessments.  11th Annual Advanced Environmental Permitting Short Course, Tallahassee, FL.
January 20, 1995.

Teaf, C.M. and E.B. Jones.  1995.  Risk Assessments for Contaminated Sites in Relation to Real Estate
Transactions.  Quarterly Meeting of the Florida Envir. Assessors Assoc., Tallahassee, FL.  January, 1995.

Harbison, R.D., C.J. Borgert and C.M. Teaf.  1995.  Placental Metabolism of Xenobiotics.  In: Sastry,
B.V.R., Placental Toxicology.  pp. 213-238.  CRC Press, Boca Raton, FL.

Teaf, C.M., I.K. Stabile and J. Winter.  1994-1995.  Seafood Poisoning: Biological and Nonbiological
Effects of Contaminated Fish and Shellfish from the Gulf of Mexico.  For U.S. Environmental Protection
Agency Gulf of Mexico Program and Florida Department of Health and Rehabilitative Services.
Tallahassee, FL, Corpus Christi, TX, Lafayette, LA, Biloxi, MS, Daytona Beach, FL and Huntsville, AL.
(March, May, July, August, October, November, 1994 and June, 1995).

Teaf, C.M.  1994.  Risk Assessment Approaches, Procedures and Goals.  Florida Bar Environmental and
Land Use Law Section Workshop, Tampa, FL.  October, 1994.  (Also served as Workshop Co-Chair).

Biczó, I., Sz. Böröcz, P. Richter, C.M. Teaf and M. Kuperberg.  1994.  Developing a Chemical Safety
Management System for Chlorine.  Second International Symposium on Environmental Contamination
in Central and Eastern Europe, Budapest, Hungary.  September, 1994.  (Also served as Session Moderator).

Teaf, C.M. and J.M. Kuperberg.  1994.  Toxicology and Public Health Considerations in the
Development of Cleanup Criteria for Contaminated Sites.  Proceedings of the 1994 Second International
Symposium on Environmental Contamination in Central and Eastern Europe, Budapest, Hungary.
September, 1994.  (Also served as Session Moderator).

Teaf, C.M.  1994.  Health-based Risk Assessment and the Remediation of Contaminated Sites: Principles
and Applications.  For North Atlantic Treaty Organization (NATO) and the Joint Center for Hungarian-
American Environmental Research, Studies & Exchanges (CHAERSE).  Visegrad, Hungary.  June, 1994.

Teaf, C.M. and D. Grant.  1994.  Using Risk Assessment as a Remedial Option.  Annual Florida
Environmental Resources Conference.  Orlando, FL.  May 26, 1994.
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Teaf, C.M.  1994.  Hazardous Materials: Toxicology & Emergency Response.  Medical Seminars on
Public Health Implications of Hazardous Materials Incidents.  Florida Department of Health and
Rehabilitative Services and Agency for Toxic Substances and Disease Registry (ATSDR).  Tallahassee,
FL.  March, 1994.

Teaf, C.M.  1994.  Toxicology and Public Health: Agents, Exposures & Effects.  Medical Seminars on
Community Public Health Implications of Hazardous Waste Sites.  Florida Department of Health and
Rehabilitative Services and Agency for Toxic Substances and Disease Registry (ATSDR).  Sarasota,
Miami and Tallahassee, FL.  January, February and March, 1994.

Winter, J.M. and C.M. Teaf.  1993.  Benlate: a medical and scientific controversy.  J. Florida Medical
Association 80(6):400-402.

Teaf, C.M. and I.K. Stabile.  1993.  Hazardous Materials: Toxicology and Emergency Response.  Medical
Seminars on Public Health Implications of Hazardous Waste Sites.  Florida Department of Health and
Rehabilitative Services and Agency for Toxic Substances and Disease Registry (ATSDR).  Pensacola and
Tallahassee, FL.  November, 1993.

Teaf, C.M. and I.K. Stabile.  1993.  Toxicology and public health issues: Florida hazardous waste sites.
Medical Seminar on Community Public Health Implications of Hazardous Waste Sites.  Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry (ATSDR).  Pensacola, Ft. Lauderdale, Tampa and Sarasota, FL.  March, April, May, October
and November, 1993.

Teaf, C.M.  1993.  Manufactured Gas Plant Sites:  Application of Risk Assessment in the Development
of Remedial Target Concentrations for Manufactured Gas Plant Sites.  American Gas Association 1993
Distribution & Transmission Conference, Orlando, FL.  May 19, 1993.

Winter, J.M. and C.M. Teaf.  1993.  Physician Education in Diagnosis and Treatment of Diseases Related
to Environmental and Occupational Exposures to Hazardous Waste.  ATSDR International Conference
on Health Effects of Hazardous Wastes, sponsored by ATSDR, Atlanta, GA.  May, 1993.

Herndon, R.C., P.I. Richter, J.E. Moerlins, J.M. Kuperberg, and C.M. Teaf.  1993.  The 1992 International
Symposium on Environmental Contamination in Central and Eastern Europe: A Forum for Technology
Transfer.  International Conference on Health Effects of Hazardous Wastes, sponsored by ATSDR,
Atlanta, GA.  May, 1993.  (Also served as Session Moderator).

Teaf, C.M.  1992.  Toxicological Risk Assessment in the Application of Health-based Target
Concentrations to Site Remediation.  Proceedings of the 1992 International Symposium on
Environmental Contamination in Central and Eastern Europe, Budapest, Hungary.  October, 1992.
(Also served as Session Moderator).

Haney, D.M., R.C. Herndon and C.M. Teaf.  1992.  Historical Manufactured Gas Plant Sites: Use of Risk
Assessment in the Development of Remedial Target Concentrations.  Engineering Technical Note ENV-
92-4-1, pp. 14.  Operating Section, American Gas Association.  November, 1992.

Teaf, C.M. and I.K. Stabile.  1992.  Toxicology and public health issues: Florida hazardous waste sites.
Medical Seminar on Community Public Health Implications of Hazardous Waste Sites.  Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Miami and Orlando, FL.  April, May and October, 1992.

Teaf, C.M. and I.K. Stabile.  1992.  Site exercise: Evaluating potential risks from a hazardous waste site.
Medical Seminar on Community Public Health Implications of Hazardous Waste Sites.  Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Miami and Orlando, FL.  April, May and October, 1992.
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I.K. Stabile and C.M. Teaf.  1992.  Differential diagnosis and treatment of acute and chronic exposure to
chemicals at hazardous waste sites.  Medical Seminar on Community Public Health Implications of
Hazardous Waste Sites.  Florida Department of Health and Rehabilitative Services and Agency for
Toxic Substances and Disease Registry.  Miami and Orlando, FL.  April, May and October, 1992.

Stabile, I.K. and C.M. Teaf.  1992.  A case study in environmental medicine: trichloroethylene exposure.
Medical Seminar on Community Public Health Implications of Hazardous Waste Sites.  Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Miami and Orlando, FL.  April, May and October, 1992.

Stabile, I.K. and C.M. Teaf.  1992.  A case study in environmental medicine: lead exposure.  Medical
Seminar on Community Public Health Implications of Hazardous Waste Sites.  Florida Department of
Health and Rehabilitative Services and Agency for Toxic Substances and Disease Registry.  Miami and
Orlando, FL.  April, May and October, 1992.

Teaf, C.M.  1991.  Risk Assessment and the Development of Remedial Targets for Contaminated Sites.
Presented at Annual Environmental Engineering Conference, University of Florida.  November, 1991.

Teaf, C.M.  1991.  The Importance of Risk Assessment to Industry.  Presented at Ninth Annual Carolina
Conference on Environmental Law and Technology.  Greenville, SC.  June 1991.

Teaf, C.M.  1991.  Dioxin Toxicity Revisited: Critical Characteristics and Current Applications.
Presented at 1991 Mississippi Environment Meeting.  Jackson, MS.  May 1991.

Teaf, C.M.  1991.  Toxicology and the Derivation of Maximum Contaminant Levels (MCLs).  Presented
at Annual Meeting of the Underground Injection Practices Council.  Mobile, Alabama.  February, 1991.

Teaf, C.M. and I.K. Stabile.  1990-1991.  Toxicology, public health and patient response to health
advisories.  Physician Training Course on Public Health Implications of Environmental Toxicants.
Florida Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Tampa, Orlando, Ft. Lauderdale and Tallahassee, FL. March, July, November, 1990; April,
September, 1991.

I.K. Stabile and C.M. Teaf.  1990-1991.  Pediatric aspects of environmental health.  Physician Training
Course on Public Health Implications of Environmental Toxicants.  Florida Department of Health and
Rehabilitative Services and Agency for Toxic Substances and Disease Registry.  Tampa, Orlando, Ft.
Lauderdale and Tallahassee, FL.  March, July, November, 1990; April, September, 1991.

I.K. Stabile and C.M. Teaf.  1990-1991.  Clinical evaluation of suspected environmental and
occupational illness.  Physician Training Course on Public Health Implications of Environmental
Toxicants.  Florida Department of Health and Rehabilitative Services and Agency for Toxic Substances
and Disease Registry.  Tampa, Orlando, Ft. Lauderdale and Tallahassee, FL.  March, 1990; July, 1990;
November, 1990; April, 1991; and September, 1991.

Teaf, C.M. and I.K. Stabile.  1990-1991.  A case study for methylene chloride exposure: therapy and
patient education.  Physician Training Course on Public Health Implications of Environmental
Toxicants.  Florida Department of Health and Rehabilitative Services and Agency for Toxic Substances
and Disease Registry.  Tampa, FL.  March, 1990.

Teaf, C.M. and I.K. Stabile.  1990-1991.  A case study for organophosphate pesticide exposure: therapy
and patient education.  Physician Training Course on Public Health Implications of Environmental
Toxicants.  Florida Department of Health and Rehabilitative Services and Agency for Toxic Substances
and Disease Registry.  Tampa, Orlando, Ft. Lauderdale and Tallahassee, FL.  March, 1990; July, 1990;
November, 1990; April, 1991; and September, 1991.
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Teaf, C.M., J.B. Bishop and R.D. Harbison.  1990.  Depression of glutathione in male reproductive
tissues and potentiation of EMS-induced germ cell mutagenesis by 1,2-dibromoethane.  Teratogenesis,
Carcinogenesis, Mutagenesis 10(6):428-438.

Stabile, I.K., C.M. Teaf and R.D. Harbison.  1989.  Non-neuronal cholinergic and carnitinergic systems
in mammalian tissues.  Contemporary Reviews in Obstetrics and Gynecology 1:253-260.

Teaf, C.M.  1989.  Development of Site Rehabilitation Levels (SRLs) at contaminated sites.  State
Program Managers Annual Meeting, Association of State and Territorial Solid Waste Management
Officials.  Tucson, AZ.  November, 1989.

Teaf, C.M., I.K. Stabile and R.D. Harbison.  1989.  Potentiation of in vivo male germ cell mutagenesis by
agents which deplete glutathione.  European Society of Human Reproduction and Embryology.
Copenhagen, Denmark.  June, 1989.

Herndon, R.C., J.E. Moerlins, C.M. Teaf, V.W. Lambou and J.D. Koutsandreas.  1988.  Hazardous waste
from small quantity generators in the United States.  Hazardous Waste: Detection, Control, Treatment.
M Elsevire Science Publishers, Amsterdam, Netherlands.

Bishop, J.B., C.M. Teaf and V.E. Campbell.  1988.  Assessment of fetal death among in utero progeny of
Fischer 344 rats after gavage treatment of males with 2-AAF or 4-AAF.  In: Ashby, J. et al. (eds.).
Evaluation of Short-term Tests for Carcinogens:  Report of the International Programme on Chemical
Safety's Collaborative Study of in Vivo Assays, Volume 2.  pp. 215-225.  Cambridge University Press,
Cambridge, UK.

Bishop, J.B., C.M. Teaf and M.F. Salamone.  1988.  Assessment for abnormality in head shape of
epididymal sperm from Fischer 344 male rats treated by gavage with 2-AAF or 4-AAF.  In: Ashby, J. et
al. (eds.). Evaluation of Short-term Tests for Carcinogens:  Report of the International Programme on
Chemical Safety's Collaborative Study of in Vivo Assays, Volume 2.  pp. 258-260.  Cambridge
University Press, Cambridge, UK.

Teaf, C.M., R.C. Herndon and R.M. Coleman.  1988.  Development of toxicant profiles for gasoline and
other selected environmental contaminants.  Proc. 1st Annual Environmental Toxicology Research
Conference.  Tallahassee, FL.  June, 1988.

Teaf, C.M., R.C. Herndon and R.M. Coleman.  1988.  Modeling relative risks from multiple routes of
exposure to toxicants.  Proc. 1st Annual Environment Toxicology Research Conference.  Tallahassee,
FL.  June, 1988.

Teaf, C.M.  1988.  Development and applicability of site rehabilitation levels.  Florida Pollutant Storage
Tanks Program.  Annual Meeting.  Orlando, FL.  June, 1988.

Teaf, C.M.  1988.  Methyl bromide toxicology and the assessment of risk for low-level exposures.  U.S.
Department of Agriculture Animal and Plant Health Inspection Service Annual Meeting.  Lumberton,
NC.  April, 1988.

Teaf, C.M.  1988.  Toxicology and human health effects of methyl bromide.  Methyl Bromide Workshop.
Florida Department of Agriculture and Consumer Services.  La Belle, FL.  March, 1988.

Jones, E.B., C.M. Teaf, J.E. Moerlins and R.C. Herndon.  l987. Current developments in the role of waste
exchanges for satisfying waste minimization requirements.  Annual Meeting of the Florida Society of
Environmental Analysts.  Orlando, FL.  October, l987.
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Freeman, R.W. and C.M. Teaf.  1987.  General principles of toxicology and fire safety precautions.
Arson Conference.  Florida Office of the State Fire Marshal.  Orlando, FL.  September, l987.

Herndon, R.C., C.M. Teaf and J.E. Moerlins.  1987.  Hazardous waste from United States small quantity
generators.  World Conference on Hazardous Waste.  Budapest, Hungary.  October, l987.

Teaf, C.M., J.B. Bishop and R.D. Harbison.  1987.  Depression of glutathione in male reproductive
tissues and potentiation of EMS-induced germ cell mutagenesis by L-buthionine sulfoximine.
Teratogenesis, Carcinogenesis, Mutagenesis 7(6):497-514.

Teaf, C.M. and T.C. Lewis.  1987.  Seasonal occurrence of multiple caudal spines in the Atlantic
stingray, Dasyatis sabina.  Copeia 1987(1):224-227.

Bishop, J.B., C.M. Teaf and B. Booshan.  1987.  Assessment of fetal death rate among in utero progeny of
B6C3 and CD-1 mice after subcutaneous injection of males with butyl benzylphthalate.  Environmental
Mutagenesis 9(Suppl.8):15.

Teaf, C.M., J.B. Bishop and R.D. Harbison.  1986.  Glutathione and the potentiation of ethyl
methanesulfonate (EMS)-induced germ cell mutagenesis by ethylene dibromide (EBD) and buthionine
sulfoximine (BSO).  Environmental Mutagenesis 8(6):85.

Gandy, J., C.M. Teaf, F.A. Adatsi, R.C. James and R.D. Harbison.  1986.  Dependence of male
reproductive toxicity on germ cell stage.  In: Fujii, T. and P.M. Adams (eds.).  Functional Teratogenesis:
Proceedings of the Fourth International Congress of Toxicology.  Teikyo Univ. Press, Tokyo, Japan.

Teaf, C.M.  1986.  Toxicological aspects of risk assessment.  In: Proceedings of the 1985 National
Governors' Association Conference on Toxics in Groundwater.  Committee on Energy and
Environment, National Governors' Association.  Washington, DC.

Moerlins, J.E., R.C. Herndon and C.M. Teaf.  1985.  Hazardous Waste Management Guide for Florida
Hospitals.  Florida Hospital Association,  pp. 180.

Teaf, C.M., J.B. Bishop and R.D. Harbison.  1985.  Germ cell mutagenesis and glutathione (GSH)
depression in reproductive tissue of the F-344 rat induced by ethyl methanesulfonate.  Mutation
Research 144:93-98.

Teaf, C.M.  1985.  Mutagenesis.  In: P.L. Williams and J. Burson (eds.).  Industrial Toxicology: Safety and
Health Applications in the Workplace.  Van Nostrand-Reinhold Co., pp. 502.

James, R.C. and C.M. Teaf.  1985.  Carcinogenesis.  In: P.L. Williams and J. Burson (eds.).  Industrial
Toxicology:  Safety and Health Applications in the Workplace.  Van Nostrand-Reinhold Co., pp. 502.

Teaf, C.M., J.B. Bishop and R.D. Harbison, 1985.  Ethylene dibromide (EDB) and buthionine
sulfoximine (BSO) potentiation of ethyl methanesulfonate (EMS)-induced dominant lethal mutations.
Toxicologist 5(1):140.

Teaf, C.M., R.W. Freeman and R.D. Harbison.  1984.  Cocaine-induced hepatotoxicity: Lipid
peroxidation as a possible mechanism.  Drug and Chemical Toxicology 7(4):383-396.

Teaf, C.M., J.B. Bishop and R.D. Harbison.  1984.  Alteration of ethyl methanesulfonate (EMS) dominant
lethal effects in Fischer 344 rats with buthionine sulfoximine.  Genetics 107(3):105.

Domon, O.E., C.M. Teaf, B. Booshan and J.B. Bishop.  1984.  Assessment of the fetal death rate among in
u t e ro  progeny of B6C3 and CD-1 mice after subcutaneous injection of males with
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(diethylhexyl)phthalate (DEHP).  International Phthalic Acid Ester Conference, Surrey, UK.
September, 1984.

Teaf, C.M., J.B. Bishop and R.D. Harbison.  1984.  Effect of cadmium and buthionine sulfoximine (BSO)
on glutathione levels in the male reproductive tract.  Toxicologist 4(1):80.

Teaf, C.M., R.M. Freeman and R.D. Harbison.  1983.  Cocaine-induced hepatotoxicity: Lipid
peroxidation as a possible mechanism.  Toxicologist 3(1):95.

Herndon, R.C., J.E. Moerlins and C.M. Teaf.  1983.  Waste exchange and resource reuse.  Resource
Recycling 2(4):22-26.

Teaf, C.M., D.C. White and R.C. Herndon.  1981.  The nature of hazardous waste: chemistry, health
effects and management strategies. Annual Meeting, Florida Bar Environmental Law Section.

Teaf, C.M.  1981.  Occurrence and distribution of selected vertebrates, vegetation and endangered
species in Florida.  In: Fernald, E.A. (ed.).  Atlas of Florida, FSU Foundation, Inc.

Teaf, C.M. and T.C. Lewis,  1981.  Seasonal occurrence of multiple caudal spines in the Atlantic
Stingray, Dasyatis sabina.  ASB Bulletin 28(2):55.

Teaf, C.M.  1981.  Current status of state and federal regulations governing management of hazardous
wastes in Florida.  Florida Division Annual Conference, American Chemical Society.  May, 1981.

Teaf, C.M.  1980.  Phylum Chordata: The Vertebrates (a laboratory guide to vertebrate dissection).  In:
Tschinkel, W.R. and P.C. Hayward, An Introduction to Animal Diversity, Burgess Publishing
Company, Inc.

Teaf, C.M.  1980.  Tidally-oriented movement patterns of the Atlantic stingray, Dasyatis sabina.  ASB
Bulletin 27(2): 6.
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TECHNICAL REPORTS AND CONTRACTS:

Use of Glass from Cathode Ray Tubes in Concrete Products.  For Southern Waste Information
eXchange and Florida Department of Environmental Protection.  2007-2008.  (ongoing).

Development and Performance of RCRA-related Personnel Health and Safety Training Activities.  For
Florida Department of Environmental Protection.  2005-present.  (ongoing; Contract HW-527).

Development and Performance of RCRA-related Personnel Health and Safety Training Activities.  For
Florida Department of Environmental Protection (Bureau of Waste Planning and Regulation).  2000-
2005.  (Contract HW-432).

The Florida Hazardous Waste Regulation Program: History and Positive Impacts on Florida’s
Environment..  For Florida Department of Environmental Protection (Bureau of Waste Planning and
Regulation).  1998 (Contract HW-330).

RCRA Compliance Assistance Training Course for the Fiberglass Manufacturing Industry.  For Florida
Department of Environmental Protection (Bureau of Waste Planning and Regulation).  1996-1999
(Contract HW-330).

Development and Performance of RCRA-related Personnel Health and Safety Training Activities.  For
Florida Department of Environmental Protection (Bureau of Waste Planning and Regulation).  1996-
1999 (Contract HW-330).

Leon County Emergency Management Plan for Hazardous Materials at Fixed Facilities.  For Leon
County Board of Commissioners, Leon County Division of Emergency Management and Florida
Department of Community Affairs.  1996-1997.

RCRA Compliance Assistance Training Course for the Automotive Maintenance & Repair and Auto
Paint & Body Industries.   For Florida Department of Environmental Protection (Bureau of Waste
Planning and Regulation).  1993-1996 (Contract HW-242).

Development and Performance of RCRA-related Personnel Health and Safety Training Activities.  For
Florida Department of Environmental Protection (Bureau of Waste Planning and Regulation).  1993-
1996 (Contract HW-242).

Toxicological Support Services and Public Health Training for Physicians and Environmental Health
Personnel.  For Florida Department of Health & Rehabilitative Services.  1995-1997.

Public Education and Human Health Aspects of Seafood Safety.  For U.S. Environmental Protection
Agency Gulf of Mexico Program.  1995-1996.

Potential Human Health Impacts and Environmental Effects from Hazardous Waste Incinerators and
Related Facilities.  For Florida Department of Environmental Protection, and Florida Center for Solid &
Hazardous Waste Management.  1994-1995 .

Seafood Safety: Toxicology and Microbial Issues Related to Contaminated Products.  For U.S.
Environmental Protection Agency Gulf of Mexico Program.  1994-1995.

Development of Site Rankings for Petroleum Contamination Sites.  For Florida Department of
Environmental Regulation.  1992-1994 (Contract HW-204).

Toxicological Support Services: Reviews of Site-Specific Risk Assessments and the Development of
Acceptable Exposure Guidelines for Hazardous Waste Sites (e.g., CERCLA, State-lead).  For Florida
Department of Environmental Regulation (Division of Waste Mgmt).  1991-1993 (Contract WM-445).
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Development and Performance of Specific RCRA-related Personnel Health and Safety Training
Activities.  For Florida Department of Environmental Regulation (Bureau of Waste Planning and
Regulation).  1992-1993 (Contract HW-218).

Leon County Emergency Management Plan for Hazardous Materials at Fixed Facilities.  For Leon
County Board of Commissioners, Leon County Division of Emergency Management and Florida
Department of Community Affairs.  1992-1993.

Technical Evaluation and Regulatory Review of RCRA Facility Closure Risk Assessments.  For Florida
Department of Environmental Regulation (Bureau of Waste Planning and Regulation).  1991-1992
(Contract HW-195).

Development and Performance of Specific RCRA-related Personnel Health and Safety Training
Activities.  For Florida Department of Environmental Regulation (Bureau of Waste Planning and
Regulation).  1991-1992 (Contract HW-196).

Quality Assurance Review and Evaluation for Petroleum Contamination Sites Database.  For Florida
Department of Environmental Regulation (Division of Waste Mgmt).  1990-1991 (Contract GC-128).

Leon County Emergency Management Plan for Hazardous Materials at Fixed Facilities.  For Leon
County Board of Commissioners, Leon County Division of Emergency Management and Florida
Department of Community Affairs.  Final Report.  May, 1991.

Toxicological Support Services: Reviews of Site-Specific Risk Assessments and the Development of
Acceptable Exposure Guidelines for Hazardous Waste Sites (e.g., CERCLA, State-lead).  For Florida
Department of Environmental Regulation (Division of Waste Mgmt).  1989-1991 (Contract WM-331).

Technical Evaluation and Regulatory Review of RCRA Facility Closure Risk Assessments.  For Florida
Department of Environmental Regulation (Bureau of Waste Planning and Regulation).  1989-1991
(Contract HW-141).

Development of Site Rankings for Petroleum Contamination Sites.  For Florida Department of
Environmental Regulation.  1989-1992 (Contract HW-126).

Development of Site Rehabilitation Levels per Chapter 17-70, F.A.C. For Florida Department of
Environmental Regulation.  1989-1990 (Contract HW-135).

Risk Assessment for Establishment of Acceptable Contaminant Levels in Environmental Media.
(Toxicant Profiles for 8 compounds).  For Florida Department of Environmental Regulation.  1988-1989
(Contract WM-318).

Florida Non-Hazardous Industrial-Waste-Disposal Facilities.  Two volume final report prepared for the
U.S. EPA on the characteristics and proximity of such facilities to sensitive environments.

Monitoring Guidance for Municipal-Waste-Combustion-Ash Disposal.  #EPA/600/X-90/267A&B.
1990.

Development of Automated Systems for Assessing Subtitle D Facility Locations.  #EPA/600/X-88/423.
December, 1988.

Wet Environments RCRA Subtitle D Monitoring Guidance Parts I-IV.  #EPA/600/X-88/403A,B,C,&D.
December, 1988.
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Characterization of Municipal Waste Combustion Ash Disposal Practices and Facilities (Preliminary
Summary of Seventy-Two Municipal Waste Combustion Ash Disposal Facilities).  #EPA/600/X-
88/360.  October, 1988.

Facility/Site Description of Pinellas County Solid Waste Management Complex Pinellas County,
Florida.  For U.S. Environmental Protection Agency.  March, 1988.

Facility/Site Description of Southeast Hillsborough County Sanitary Landfill Hillsborough County,
Florida.  For U.S. Environmental Protection Agency.  March, 1988.

Leon County Comprehensive Emergency Management Plan for Hazardous Materials .  For Leon
County Board of Commissioners, Division of Emergency Management and Florida Department of
Community Affairs.  Final Report.  March, 1989.

1989 Annual Report of the State University System Toxicological Research Coordinating Committee.
For the Florida Legislature and Office of the Governor.  Final Report.  March, 1989.

Risk Assessment for Establishment of Acceptable Contaminant Levels in Environmental Media.
(Toxicant Profiles for 15 compounds) For Florida Department of Environmental Regulation.  1988-1989
(Contract WM-251).

Toxicological Support Services: Reviews of Site-Specific Risk Assessments and the Development of
Acceptable Exposure Guidelines for Hazardous Waste Sites under CERCLA.  For Florida Department
of Environmental Regulation (Division of Waste Cleanup).  1988-1989 (Contract WM-223).

Technical Evaluation and Regulatory Review of RCRA Facility Closure Risk Assessments.  For Florida
Department of Environmental Regulation (Bureau of Environmental Permitting).  1988-1989 (Contract
HW-98).

Locational Survey of Underground Storage Tank Facilities in Florida for Use in the State's Intergraph
Data Base System.  For Florida Department of Environmental Regulation (Bureau of Waste
Management, Storage Tank Regulation Section).  Final Report.  January, 1989.

Development of Monitoring Guidance with an Emphasis on Wet Environments.  For U.S.
Environmental Protection Agency.  1987-1994 (ongoing).

Toxicological Support Services:  Reviews of Site-Specific Risk Assessments and the Development of
Acceptable Exposure Guidelines for Hazardous Waste Sites under CERCLA.  For Florida Department
of Environmental Regulation (Division of Waste Management).  1987-1988 (Contract WM-223).

Environmental Audit and Development of a Waste Management Plan.  For Baptist Medical Center.
Jacksonville, Florida.  1987.

1987 Annual Report of the State University System Toxicological Research Coordinating Committee.
For the Florida Legislature and Office of the Governor.  Final Report.  March, 1987.

Relative Risks from Multiple Routes of Exposure to Toxicants Found in Water Supplies:  A Review and
Evaluation.  For Florida Department of Environmental Regulation (Bureau of Groundwater Protection).
Final Report.  November, 1987.

Toxicological Support Services:  Reviews of Site-Specific Risk Assessments and the Development of
Acceptable Exposure Guidelines for Hazardous Waste Sites (e.g., CERCLA, State-lead).  For Florida
Department of Environmental Regulation (Bureau of Operations).  1986-1987 (Contract WM-186).
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Risk Assessment for Establishment of Acceptable Contaminant Levels in Environmental Media.
(Toxicant Profiles for 15 compounds) For Florida Department of Environmental Regulation.  1985-1987.
Final Reports.  November, 1987.

Toxicological Data Analysis and Risk Assessment For Facilities Identified During the Stationary
Compression Vessels Notification Program.  For Florida Department of Environmental Regulation.
Final Report.  December, 1986.

1986 Annual Report of the State University System Toxicological Research Coordinating Committee.
For the Florida Legislature and Office of the Governor.  Final Report.  March, 1986.

Manual for Training Courses in Toxicology: Hazardous Waste Field Activities.  For Florida Department
of Environmental Regulation.  Final Report.  June, 1986.

Hazardous Waste Management Guide for Automotive Repair and Supply Shops.  For Florida
Automotive Services Council.  Final Report.  May, 1986.

Manual for Training Course on Emergency Response and Contingency Planning.  For the U.S.
Environmental Protection Agency.  1986.

Risk Assessment for Determination of Acceptable Levels of Selected Toxic Compounds in Florida
Groundwater.  (Toxicant Profiles for 28 compounds).  For Florida Department of Environmental
Regulation, Florida Board of Regents and Florida Department of Health and Rehabilitative Services.
1983-1987.  Final Revised Reports.  November, 1987.

Training Manual - Seminar on the Florida Right-to-Know Law and Management of Hazardous Wastes
by Hospitals.  For Florida Hospital Association.  1985.

Hazardous Waste Management Guide for Florida Hospitals.  For Florida Hospital Association.  1985.

Proceedings of the Second National Conference on Waste Exchange and Resource Reuse.  1985.

1985 Annual Report of the State University System Toxicological Research Coordinating Committee.
For the Florida Legislature and Office of the Governor.  Final Report, March, 1985.

Alternative Technologies for Hazardous Waste Management in Florida.  For the Florida Institute of
Government and the Florida Legislature.  1984.

Toxicological Evaluation Manual: Risk Assessment and Safety Determination for Chemical Exposures.
For the Florida Department of Health and Rehabilitative Services.  1984.

Development of a National Training Center for Hazardous Materials Management: A Concept Paper.
For State of Florida and U.S. Environmental Protection Agency.  1983.

Leon County Biological Relationships.  For Leon County Board of Commissioners and City of
Tallahassee.  1983.

Hazardous Waste Issues in Florida:  A Legislative Monograph.  For Florida House of Representatives
and Florida Senate.  1983.

Proceedings of the First National Conference on Waste Exchange and Resource Reuse.  1983.

Southern Waste Information Exchange Catalog.  Published quarterly 1982 to present.

East Pass Lagoon Water Quality Study: Phases I, II, III.  For Okaloosa Co. Bd. of Commissioners.  1982.
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Siting of a Hazardous Waste Management Facility: An Overview.  1982.

Hazardous Waste: A Management Perspective.  Final Report of the Governor's Hazardous Waste
Policy Advisory Council to the Florida Legislature.  1981.

Hazardous Materials Contingency Plans for Local Governments.  For U.S. Environmental Protection
Agency.  1981.

Feasibility Study for Establishing a Florida Waste Exchange.  For Florida Department of Environmental
Regulation.  1981.

An Analysis of the Local, State, and Federal Authority and Responsibility for Hazardous Materials
Incidents in Leon County, Florida.  For Leon County Board of Commissioners.  1980.

Hazardous Waste Incidents in the State of Florida (Volume II).  For Florida Department of
Environmental Regulation.  1980.

Assessment of the Economic Impact of Florida's Proposed Hazardous Waste Control Program on
Selected Industries.  For Florida Department of Environmental Regulation.  1979.

Hazardous Waste Incidents in the State of Florida (Volume I).   For Florida Department of
Environmental Regulation.  1978.

Hazardous Waste Survey for the State of Florida.  For Florida Department of Environmental
Regulation.  1977.
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SELECTED CONFERENCES AND TRAINING COURSES:

Personnel Health and Safety Refresher Training Course (8 hours).  For Florida Department of
Environmental Protection.  Tallahassee, FL.  April, 2008.

Weeks, N., Jones, D., Teaf, C.M., Lubozynski, and Petrovich, M.  2007.  RBCA and Conditional Closure
as a Brownfields Tool.  10th Annual Florida Brownfields Conference & Exhibition.  November, 2007.
Orlando,  FL.

Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, FL.  April, 2007.

Teaf, C.M. and L. Gray.  2007.  Principles, Terminology & Applications of Toxicology in a University
Setting.  For Environmental Health & Safety Department, Florida State University, Tallahassee, FL.
April, 2007

Teaf, C.M.  2006.  Disinfection byproducts: Benefits & limitations of existing drinking water guidelines.
U.S. Environmental Protection Agency Federal-State Toxicology and Risk Analysis (FSTRAC) “Safe &
Clean Water” Meeting.  December, 2006.  Clearwater, FL.

Teaf, C.M.  2006.  Arsenic bioavailability workshop: Physical and chemical characteristics of soils which
influence decisions regarding arsenic bioavailability and health risks.  EPRI Arsenic Work Group.
December, 2006.  Tampa, FL

Teaf, C.M. and P.H. Burress.  2006.  Principles, Terminology & Applications of Toxicology in a
University Setting.  For Environmental Health & Safety Department, Florida State University,
Tallahassee, FL.  July, 2006.

Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, FL.  April, 2006.

Teaf, C.M., P.T. Medico, F.J. Bermudez, and B.S. Clark.  2005.  Case Study: Beneficial Use of RSM in
Residential Applications:.  15th Annual Materials Reuse and Recycling Conference.  June, 2005.  Key
West, FL.

Teaf, C.M.  2005.  Chemicals in the Workplace: How a Toxicologist Analyzes Exposure.  10tth

Anniversary Conference & CLE for the Workers Injury Law & Advocacy Group.  April 2005.
Washington, DC.

Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, FL.  April, 2005.

Khankhasayev, M., R. Herndon, J. Moerlins and C. Teaf.  2005.  Overview of NATO CCMS Pilot Study
on Environmental Decision-making for Sustainable Development in Central Asia.  Presented at NATO
Advanced Research Workshop (ARW) on Environmental Security and Sustainable Land Use of the
Mountain and Steppe Territories of Mongolia and Altai: Present Day Role of Traditions and Science.
Presented at NATO ARW, Barnaul, Russia, October 2004.

Teaf, C.M., H.V. Ritchie and R.M. Coleman.  2004.  Status of the Science on Mold and Health Issues.
Technical Seminar for First Coast Manufacturers Association.  August, 2004.  Jacksonville, FL.

Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, Florida.  November, 2004.
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Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, Florida.  March, 2004.

Teaf, C.M. and R.M. Coleman.  2004.  Where Does the Science Stand on Mold Issues?  Technical
Seminar for White & Case Law Firm and for Marsh, Inc.  January, 2004.  Miami, FL.

NATO Pilot Study Meeting on Human Health Issues and Tools for Disease Prevention in Central Asia.
Almaty, Kazakhstan. November, 2003.  (Served as Session Moderator).

Sixth International Symposium on Environmental Contamination in Central and Eastern Europe.
Prague, Czech Republic.  September, 2003.  (Session Moderator and Steering Committee Member).

OSHA Refresher Course for University Health and Safety Activities (8 hours).  For Florida State
University.  Tallahassee, Florida.  June 11, 2003.

Statewide Video Conference on Chemical Terrorism.  For Florida State University College of Medicine
and Florida Department of Health.  June 10, 2003.

Personnel Health and Safety Refresher Course (8 hours).  For Florida Department of Environmental
Protection.  Tallahassee, Florida.  May 7, 2003.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  January 8, 2003.

NATO Advanced Research Workshop: Risk Assessment as a Tool for Environmental Decision-Making
in Central Asia.  Almaty, Kazakhstan. September, 2002.  (Served as Co-Director and Editor of Proceedings).

Safety Concerns: Awareness for the Field Inspector.  For Florida Department of Environmental
Protection.  St. Petersburg, Florida.  August, 2002

Vulnerability of Municipal and Private Water Systems to Chemical Attack.  Presented at World Health
Organization Restricted Expert Consultation on Prevention and Management of Substance Terrorism
Against Water Services.  Copenhagen, Denmark.  November, 2001.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  May, 2001.

Safety Concerns: Awareness for the Field Inspector.  For Florida Department of Environmental
Protection.  St. Petersburg, Florida.  August, 2001

Planning Seminar on Introduction of the Rapid Environmental and Health Risk Assessment for the
Lower Danube River.  For the World Health Organization and Italian Ministry of the Environment.
Sofia, Bulgaria.  January, 2001.

Evaluating and Communicating Health Risks.  For Holland & Knight Annual Environmental Seminar
Series.  Orlando, Florida.  October, 2000.

Fifth International Symposium on Environmental Contamination in Central and Eastern Europe.
Prague, Czech Republic.  September, 2000.  (Session Moderator and Steering Committee Member).

14th Annual Environmental Permitting Summer School.  Managing sites with chemical issues:
Evaluation and presentation of risk information.  For Florida Chamber of Commerce.  Marco Island,
Florida.  July, 2000.
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Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Ft. Myers, Florida.  August, 1999.

Toxicology and Risk Assessment: Using the Expert Witness.  1999 Annual Meeting, National
Association of Legal Assistants.  Tampa,  FL.  July, 1999.

Risk-Based Corrective Action at Miami International Airport.  1999 Hazardous Waste Management
Conference.  Miami, Florida.  May, 1999.

Toxicology and Risk Considerations for Chlorinated Solvents. For Florida Department of Health &
Rehabilitative Services.  Wakulla Springs, Florida.  May, 1999.

Fourth International Symposium on Environmental Contamination in Central and Eastern Europe.
Warsaw, Poland.  September, 1998.  (Session Moderator and Steering Committee Member).

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Ft. Myers, Florida.  July, 1998.

Risk Assessment Principles & Practice: Application to the Polish Environment.  For Institute for
Ecology of Industrial Areas and U.S. Department of Energy.  Katowice, Poland.  January, 1997.

Control of Reportable Diseases in Florida: A Public-Private Partnership.  For Florida Department of
Health & Rehabilitative Services.  Tallahassee, Florida.  October 24, 1996.

Third International Symposium on Environmental Contamination in Central and Eastern Europe.
Warsaw, Poland.  September, 1996.  (Session Moderator and Steering Committee Member).

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  June 6, 1996.

Environmental Toxicology for Physicians and  Medical History-taking in the Evaluation of
Environmental or Occupational Disease.  For Florida Department of Health & Rehabilitative Services.
Sebring, Florida and Vero Beach, Florida.  May 10  and May 15, 1996.

Control of Reportable Diseases in Florida: A Public-Private Partnership.  For Florida Department of
Health & Rehabilitative Services.  Tallahassee, Florida.  April 17, 1996.

RCRA Compliance Technical Assistance Training Courses.  For Florida Department of Environmental
Protection.  Tallahassee, Florida (Eleven locations in Florida during period February to August, 1996).

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  April 2, 1996.

American Bar Association Section of Litigation, 8th Annual Environmental Litigation Midyear Meeting.
Vail, Colorado.  February 15-16, 1996.

12th Annual Environmental Permitting Short Course.  For Florida Chamber of Commerce.  Orlando,
Florida.  January 17-18, 1996.

1995 Conference on State of Practice of Risk Assessment in Human Health and Environmental Decision
Making.  Tallahassee, FL.  December 13-14, 1995. (Session Moderator and Steering Committee Member).

Risk Assessments, Audits & Other Compliance Management Tools. Environmental Compliance & Risk
Management Seminar, Florida Chamber of Commerce.  Tampa, FL.  November, 1995.
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Air Contamination in Central and Eastern Europe: What We Have Seen Since the Iron Curtain was
Pulled Back.  For Carolinas Air Pollution Control Association.  Myrtle Beach, SC.  October, 1995.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  September 27, 1995.

MGP'95 International Symposium and Trade Fair on the Cleanup of Manufactured Gas Plants.  Prague,
Czech Republic.  September, 1995.  (Session Moderator and Steering Committee Member).

Seafood Poisoning: Biological and Nonbiological Effects of Contaminated Fish and Shellfish from the
Gulf of Mexico.  For U.S. Environmental Protection Agency and Florida Department of Health and
Rehabilitative Services.  Tallahassee, Florida; Corpus Christi, Texas; Lafayette, Louisiana; Biloxi,
Mississippi; Daytona Beach, Florida and Orange Beach, Alabama.  March 26, May 22, July 15, August 3,
August 18, October 13, October 18, November 11, 1994 and June 6, 1995.

Required Personnel Health and Safety Refresher Course for Hazardous Waste Activities (8 hours).  For
Levine•Fricke.  Tallahassee, Florida.  August 14, 1995.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  May 18, 1995.

Worker Health and Safety Requirements.  For U.S. Environmental Protection Agency RCRA Inspector
Training Institute.  Orlando, Florida.  January 24-26, 1995.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Ft. Myers, Florida.  January 12, 1995.

RCRA Personnel Health and Safety Training Course (40 hours).  For Florida Department of
Environmental Protection.  Orlando, Florida.  December 5-9, 1994.

Training Course in Principles of Toxicology, Risk Assessment and Risk Communication.  Conducted
for Florida Department of Health and Rehabilitative Services.  Jacksonville, Florida.  November, 1994.

Risk Assessments: Understanding Their Strengths and Weaknesses (Session Co-Chair).  For the Florida
Bar Association, Environmental and Land Use Law Committee.  Tampa, Florida.  October 10, 1994.

Training Course for RCRA Inspectors.  For Florida Department of Environmental Protection.
Tallahassee, Florida.  October 4-6, 1994.

Second International Symposium on Environmental Contamination in Central and Eastern Europe.
Budapest, Hungary.  September 20-23, 1994.  (Session Moderator and Steering Committee Member).

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Protection.  Tallahassee, Florida.  August 23, 1994.

Regulations, Environmental Considerations and Safety Aspects of Petroleum Sites under Chapter 17-
770.  For Florida Department of Environmental Protection.  Tallahassee, Florida.  June 7-8, 1994.

Toxicology & Risk Assessment Training Course.  Conducted for Florida Department of Environmental
Protection.  Tallahassee, Florida.  May 18-19, 1994.

Seminars for Physicians and Medical Personnel on Public Health Implications of Toxic Materials and
Hazardous Waste Sites.  For Florida Department of Health and Rehabilitative Services and Agency for
Toxic Substances and Disease Registry.  Miami, Sarasota and Tallahassee, Florida.  March 3, March 11,
March 12, March 25 and March 30, 1994.
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Required Personnel Health and Safety Refresher Course for Hazardous Waste Activities (8 hours).  For
Levine•Fricke.  Tallahassee, Florida.  March 7, 1994.

Training Course in Principles of Toxicology, Risk Assessment and Risk Communication.  Conducted
for Florida Department of Health & Rehabilitative Services.  Jacksonville, Florida.  February 3-4, 1994.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Regulation.  Tallahassee, Florida.  January 8, 1994.

RCRA Personnel Health and Safety Training Course (40 hours).  For Florida Department of
Environmental Regulation.  Orlando, Florida.  December 6-10, 1993.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Regulation.  Tallahassee, Florida.  July 8, 1993.

Personnel Health and Safety Refresher Course for RCRA Activities (8 hours).  For Florida Department
of Environmental Regulation.  Orlando, Florida.  May 20, 1993.

Medical Seminars on Public Health Implications of Hazardous Waste Sites.  For Florida Department of
Health and Rehabilitative Services and Agency for Toxic Substances and Disease Registry.  Pensacola,
Ft. Lauderdale and Miami, Florida.  March, April, May, November, 1993.

Training Course in Principles of Toxicology, Risk Assessment and Risk Communication.  Conducted
for Florida Department of Health and Rehabilitative Services.  Ft. Myers, Florida.  January 28-29, 1993.

Personnel Health and Safety Refresher Course for Hazardous Waste Activities (8 hours).  For Florida
Department of Environmental Regulation.  Tallahassee, Florida.  December 9, 1992.

RCRA Personnel Health and Safety Training Course (40 hours).  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  November 16-20, 1992.

Required Personnel Health and Safety Refresher Course for Hazardous Waste Activities (8 hours).  For
Levine•Fricke.  Tallahassee, Florida.  November 18, 1992.

First International Symposium on Environmental Contamination in Central and Eastern Europe.
Budapest, Hungary.  October 21-24, 1992.  (Session Moderator and Steering Committee Member).

Training Course in Principles of Toxicology and Risk Assessment.  For Florida Department of Health
and Rehabilitative Services.  Orlando, Florida.  July 23-24, 1992.

RCRA Personnel Health and Safety Required Refresher Course (8 hours).  For Florida Department of
Environmental Regulation.  Orlando and Tallahassee, Florida.  May 29, June 23 and September 15, 1992.

Training Course in Principles of Toxicology and Risk Assessment.  Conducted for Florida Department
of Health and Rehabilitative Services.  Tallahassee, Florida.  June 18-19, 1992.

General Principles of Toxicology and Risk Assessment (3 Graduate Semester Hours).  For Department
of Biological Science, Florida State University.  Tallahassee, Florida.  January to April, 1992.

Medical Seminar on Community Public Health Implications of Hazardous Waste Sites.  For Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Rockledge, Miami, and Orlando, Florida.  April 10, April 24, May 28 and October 22, 1992.
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Personnel Health & Safety Refresher Course for Hazardous Waste Activities (8 hours).  For Florida
Department of Environmental Regulation.  Orlando, Tallahassee, FL.  April, October, November, 1991.

RCRA Personnel Health and Safety Training Course (40 hours).  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  January 4-8 and September 16-20, 1991.

Physician Training Course on Public Health Implications of Environmental Toxicants.  For Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  St. Petersburg and Orlando, Florida.  April 12, September 13 and September 25, 1991.

Supervisors Site Health and Safety Training Course for Hazardous Waste Activities (8 hours).  For
Levine•Fricke.  Tallahassee, Florida.  June 18, 1991.

Required Personnel Health and Safety Refresher Course for Hazardous Waste Activities (8 hours).  For
Levine•Fricke.  Tallahassee, Florida.  June 17, 1991.

Training Course on General Principles of Toxicology and Risk Assessment.  Conducted for Florida
Department of Health and Rehabilitative Services.  Orlando, Florida.  May 1-2 and May 21-22, 1991.

Training Course on Mixed Radioactive and Hazardous Waste.  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  October, 1990.

Physician Training Course on Public Health Implications of Environmental Toxicants.  For Florida
Department of Health and Rehabilitative Services and Agency for Toxic Substances and Disease
Registry.  Tampa and Tallahassee, Florida.  March 15 and July 24, 1990.

Mercury Contamination in Florida: Impacts and Solutions.  Conducted by FSU Center for Biomedical &
Toxicological Research, sponsored by 19 federal and state agencies.  June 20-21, 1990.

Environmental Toxicology & Epidemiology: A Practical Approach for Local Health Officials and
Physicians.  For National Association of County Health Officials (NACHO), Agency for Toxic
Substances and Disease Registry, and Florida Department of Health.  Ft. Lauderdale, FL.  July, 1990.

RCRA Personnel Health and Safety Training Course (40 hours).  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  June 4-8, 1990.

RCRA Personnel Health and Safety Required Refresher Course (8 hours).  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  May 31, 1990.

RCRA Personnel Health and Safety:  Basic Training Course (40 hours).  For Florida Department of
Environmental Regulation.  Orlando, Florida and Tallahassee, FL.  April 24-28 and December 4-8, 1989.

Groundwater Investigations and Application to Assessment of Risks.  For Florida Department of
Environmental Regulation.  Tallahassee, Florida.  June 6-7, 1989.

Risk Assessment & Decision-Making Training.  Conducted for Florida Department of Environmental
Regulation and U.S. Environmental Protection Agency.  Tallahassee, Florida.  August 30-31, 1988.

Training Course on General Principles of Toxicology and Risk Assessment.  Conducted for Florida
Department of Health and Rehabilitative Services.  Tallahassee, Florida.  September 2-3, 1987 and
Orlando, Florida.  October 27-28, 1987.

Hazardous Materials Training (Risk Assessment; Hazardous Materials Contingency Plans).  Conducted
for National Hazardous Materials Training Center, Little Rock, Arkansas.  October 28-30, 1986.
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Training Course on Toxicology:  Hazardous Waste Field Activities.  Conducted for the Florida
Department of Environmental Regulation and the Florida Department of Health and Rehabilitative
Services.  Tallahassee, Florida.  June 25-26, 1986 and Orlando, Florida.  October 8-9, 1986.

Training Course on Emergency Response and Contingency Planning.  Conducted for the U.S.
Environmental Protection Agency.  Atlanta, Georgia.  March, 1985; March, 1986.

Training Course for the Holmes Regional Medical Center:  Employee Toxic Substances Right-to-Know
Program.  Conducted for the Holmes Regional Medical Center.  Melbourne, Florida.  1986.

Training Seminar on the Florida Right-to-Know Law and Management of Hazardous Wastes by
Hospitals.  Conducted for the Florida Hospital Association (FHA).  Orlando, Florida.  August, 1986.

Training Seminar on the Florida Right-to-Know Law and Management of Hazardous Wastes by
Hospitals.  Conducted for the Florida Hospital Association (FHA).  Orlando, Florida.  November, 1985.

Hazardous Waste Disposal and Hazardous Substances Right-to-Know Regulations.  Conducted for
Florida Hospital Engineers Association.  Orlando, Florida.  April 4, 1986.

Second National Conference on Waste Exchange & Resource Reuse.  Tallahassee, Florida.  March, 1985.

Training Course on the OSHA Hazard Communication Standard.  Orlando, Florida.  February, 1985.

Symposium: Alternative Technologies for Waste Management.  Tallahassee, FL.  February, 1984.

Training Course on Toxicology and Risk Assessment.  Conducted for the Florida Department of Health
and Rehabilitative Services.  Orlando, Florida.  October 3-5, 1984.

Monitoring and Management of Hazardous Waste at RCRA Subtitle D Facilities.  Conducted for U.S.
EPA Office of Research & Development,.  Tallahassee, Florida.  October, 1984.

Symposium on EDB.  Conducted for FL State University System.  Tallahassee, FL.  February, 1984.

Workshop on Monitoring Considerations in the Siting and Operation of Hazardous Waste Disposal
Facilities in Temperate Zone Wet Environments.  Conducted for the Office of Research and
Development, U.S. Environmental Protection Agency.  Tallahassee, Florida.  October 4-5, 1983.

First National Conference on Waste Exchange and Resource Reuse.  Tallahassee, Florida.  March, 1983.

Training Course on Management of Hazardous Waste and Hazardous Materials.  Conducted for the
Florida Department of Environmental Regulation.  Orlando, Florida.  January 14-15, 1981.

Hazardous Materials Contingency Planning Workshop.  Conducted for Region IV, Environmental
Emergencies Branch, U.S. Environmental Protection Agency.  Atlanta, Georgia.  March 26, 1981.

Workshop on Hazardous Waste Management for Educational Institutions.  Conducted for the Florida
Department of Education.  Orlando, Florida.  February 3-4, 1981.

Hazardous Materials Incidents Workshop for Leon County, Florida.  Conducted for the Leon County
Commission.  Tallahassee, Florida.  July 14, 1980.

State Waste Exchange Workshop. For Florida Chamber of Commerce. Tallahassee, FL. December, 1980.

Hazardous Waste Management Seminar for Engineers.  Conducted for the Florida Engineering Society.
Tampa, FL.  November, 1980.
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ATTACHMENT C

Testimony of Dr. Christopher M. Teaf
(May 2004 to May 2008)
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Testimony of Dr. Christopher M. Teaf
(Period 5/04 through 5/08)

CASE IDENTIFIER JURISDICTION STATE Deposition Hearing/Trial

Broward County vs Southern Waste Systems and Sun Recycling Broward County Administrative Hearing FL 7/07 8/07
George vs Poseys on the River, Inc. Second Judicial Circuit FL 9/07
Williams et al. vs City of Jacksonville et al. Circuit Court  for Duval County FL 5/04; 6/04
Morris et al. vs. McKibbon Circuit Court for Hillsborough County FL 4/05
Wyatt vs. Chubb Group et al. 33rd Judicial District Court, Allen Parish LA 3/08 3/08
Halley vs. Exxon et al. Civil District Court, Jefferson Parish LA 11/06
Peterson, et al., v. D.R. Horton, Inc. Circuit Court for Montgomery County MD 11/07 3/08
State of Oklahoma vs Tyson Foods et al. U.S. District Court, Northern District OK 1/08 2/08
Ponca Tribe et al. vs. Continental Carbon Company et al U.S. District Court, Western District OK 5/06
Collins vs South Carolina Central RR et al.  Fourth Judicial Circuit, Williamsburg County  SC 10/05
Watson vs Valley Proteins U.S. District Court, Charleston Division SC 9/04

TESTIMONY DATE
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ATTACHMENT D

Tables & Figures
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Table B1
Beneficial Use Designations for Select Waterbodies

Waterbody name Waterbody ID Numbers Fish & Wildlife 
Propagation beneficial use

Agriculture 
beneficial use

Recreation 
beneficial use

Aesthetics 
beneficial use Limitations Remarks

Upper Illinois River 
upstream of Baron Fork 
Confluence

121700030010, 
121700030350, 121700030080

Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Scenic 
River

Tahlequah Creek (Town 
Branch) 121700030040

Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Baron Fork from mouth 
upstream 121700050010

Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Scenic 
River

Tyner Creek 121700050090
Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Peacheater Creek 121700050120
Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Flint Creek 121700060010
Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters

Scenic 
River

Sager Creek 121700060080
Cool Water Aquatic 
Community Yes

Primary Body 
Contact Recreation Yes

Outstanding 
Resource Waters
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Exceedances of Geometric Mean Criterion  (Recreational Season: 2005-2007) Exceedances of Single Point Criterion  (Recreational Season: 2005-2007)

Illinois River          
Stream Reach Parameter 

(cfu/100 mL ) GM Dates

Number of Samples 
in Dataset         (Data 

sources )               
Parameter      

(cfu/100 mL )

Percent 
Exceedance

(exceedance/total ) Magnitude of exceedances

Enterococci (33) 53 7/6/05-8/2/05 5 (CDM, OWRB) E. coli (406) 4%  (1/28) One over 49x the std

Enterococci (33) 81 8/16/05-9/13/05 7 (CDM, OWRB) Enterococci (406) 11%  (4/35) Three over 3x the std; 1 over 60x the std

Enterococci (33) 69 7/25/06-8/16/06 5 (CDM. OWRB) Fecal coliform (400) 22%   (8/36) Three over 3x the std

Enterococci (33) 210  (6x) 6/29/06-7/25/06 8 (CDM, OWRB, USGS) E. coli (235) 11.6%  (11/95) Three over 10x the std; one over 22x std

Enterococci (33) 432  (13x) 8/1/06-8/23/06 6 (CDM, OWRB, USGS) Enterococci (61) 65.5%  (57/87) Fourteen over 3x the std

Enterococci (33) 158 5/2/06-5/31/06 5 (OCC) Fecal coliform (400) 17%  (7/42) Five over 3x the std; one over 13x std

Enterococci (33) 77 6/6/06-7/5/06 5 (OCC)

Enterococci (33) 164 7/11/06-8/7/06 5 (OCC)

Enterococci (33) 71 5/1/07-5/29/07 5 (OCC)

Enterococci (33) 202 (6x) 7/9/07-8/7/07 5 (OCC)
Enterococci (33) 190 8/20/07-9/18/07 5 (OCC)

E. coli (126) 355 5/1/06-5/15/06 5 (CDM, USGS) E. coli (235) 12%  (6/51) Two over 4x the std

Enterococci (33) 981 (30x) 5/1/06-5/15/06 5 (CDM, USGS) Enterococci (61) 30%  (16/53) Ten over 3x the std; seven over 6x the std

Enterococci (33) 34 7/10/06-8/10/06 11 (CDM, OWRB, USGS) Fecal coliform (400) 11%  (6/53) Two over 4x the std

Enterococci (33) 36 8/16/06-8/29/06 5 (CDM, OWRB)

Enterococci (33) 70 9/18/06-9/27/06 5 (CDM, OWRB)
Fecal coliform (400) 439 5/1/06-5/15/06 5 (CDM, USGS)
E. coli (126) 155 6/7/07-7/6/07 5 (USGS) E. coli (235) 6%  (3/47) Two over 3x std

Enterococci (33) 62 6/26/06-7/19/06 7 (CDM, OWRB) Enterococci (61) 42%  (21/50) Eleven over 3x std; four over 6x std

Enterococci (33) 49 8/1/06-8/29/06 9 (CDM, OWRB, USGS) Fecal coliform (400) 10%  (5/51) Two over 4x std

Enterococci (33) 33 8/29/06-9/27/06 5 (CDM, OWRB, USGS)
Enterococci (33) 180  (5x) 6/7/07-7/6/07 5 (USGS)

Enterococci (33) 62 8/1/06-8/24/06 5 (OWRB, USGS) E. coli (235) 21%  (6/28) Four over 9x std

Enterococci (61) 36%  (12/33) Six over 6x std; one at 125x std
Fecal coliform (400) 19%  (6/32) Four over 11x std

N/A E. coli (406) 50% (2/4) one over 29x std

Enterococci (406) 100% (4/4) three over 9x std; one over 29x std
Fecal coliform (400) 100% (4/4) four over 3x std; two over 30x std

N/A E. coli (235) 15% (3/21) two over 7x std; one over 17x std

Enterococci (61) 36% (9/25) six over 3x std; two over 65x std
Fecal coliform (400) 15% (4/24) three over 4x std; one over 19x the std

N/A E. coli (406) 22% (2/9) two over 5x std

Enterococci (406) 25% (3/12) one over 2x std
Fecal coliform (400) 45% (5/11) three over 2x std; one over 11x std

N/A E. coli (406) 17% (1/6)

Enterococci (406) 14% (1/7) one over 3x std
Fecal coliform (400) 29% (2/7) one over 2x std; one over 4x std

CDM- Camp, Dresser & McKee; OWRB- Oklahoma Water Resources Board; USGS- United States Geological Survey; OCC-Oklahoma Conservation Commission

 

OK121700030350-            
Illinois River near Watts                

(5.2 miles)

OK121700030010-            
Illinois River near           

Tahlequah (7.7 miles)

OK121700050120-                   
Peacheater Creek                

(10.3 miles)

OK121700050090-                          
Tyner Creek                         

(15 miles)

OK121700030080-                   
Illinois River: middle                   

(31.5 miles)

OK121700030040-                
Tahlequah Creek                 

(6.2 miles)

OK121700060080-                      
Sager Creek                         
(4.2 miles)

OK121700060010-                
Flint Creek              
(7.8 miles)

OK121700050010-               
Baron Fork            
(23.3 miles)

Table B2
ILLINOIS RIVER WATERSHED BACTERIAL SYNOPSIS
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Facility name Facility number County Receiving waters SIC code Permitted 
Flow (mgd)

Permitted Conc 
Average Limit 

(#/100mL)
OKLAHOMA

Sequoyah Fuels Corporation OK0000191 Sequoyah Robert S. Kerr Reservoir (220200) Industrial organic chemicals-2819 - -

Souter Construction OK0041106 Sequoyah Illinois River Crushed and broken limestone-1422 - -

Stilwell Area Development Authority OK0030341 Adair Caney Creek (121700040010) Sewerage system-4952 1.5 200

Tahlequah Public Works Authority OK0026964 Cherokee Tahlequah/IR (121700) Sewerage system-4953 5.27 200

Westville Utility Authority OK0028126 Adair Shell/Baron Fork/TK (121700) Sewerage system-4954 0.28 200

Table B3
NPDES Facilities in the IRW

Source: EPA.GOV/ENVIRO/HTML/PCS/PCS_QUERY.HTML
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Counties in 
Watershed

Domestic 
Pets

Deer/ 
Wildlife

Failing Septic 
Tanks Point Sources Livestock Total Percentage

Adair 1.30E+13 2.75E+12 2.15E+12 1.35E+10 2.10E+15 2.12E+15 18.1%
Benton 6.36E+12 1.24E+12 4.76E+13 1.70E+11 3.64E+15 3.70E+15 31.5%

Cherokee 1.98E+13 3.88E+12 2.80E+12 3.99E+10 5.18E+14 5.45E+14 4.6%
Delaware 3.48E+12 5.86E+11 7.05E+11 0.00E+00 4.21E+14 4.26E+14 3.6%
Sequoyah 3.89E+12 6.11E+11 5.05E+11 0.00E+00 1.10E+14 1.15E+14 1.0%

Washington 7.57E+12 2.26E+12 4.94E+13 6.15E+11 4.77E+15 4.83E+15 41.2%
Total 5.41E+13 1.13E+13 1.03E+14 8.38E+11 1.16E+16 1.17E+16 100.0%

Percentage 0.5% 0.1% 0.9% 0.01% 98.6% 100.0%

Counties in 
Watershed

Poultry 
(ALL)

Cattle & 
Calves

Horses & 
Ponies

Sheep & 
Lamb Swine Total Percentage

Adair 4.15E+14 1.42E+15 6.97E+11 5.22E+12 2.55E+14 2.10E+15 18.1%
Benton 1.81E+15 1.27E+15 6.75E+11 3.95E+12 5.52E+14 3.64E+15 31.5%

Cherokee 4.68E+13 4.67E+14 3.88E+11 7.80E+11 2.55E+12 5.18E+14 4.5%
Delaware 1.12E+14 1.88E+14 1.11E+11 4.20E+11 1.20E+14 4.21E+14 3.6%
Sequoyah 5.43E+12 1.03E+14 1.26E+11 7.20E+10 8.77E+11 1.10E+14 0.9%

Washington 2.36E+15 1.68E+15 1.27E+12 5.02E+12 7.26E+14 4.77E+15 41.3%
Total 4.75E+15 5.13E+15 3.27E+12 1.55E+13 1.66E+15 1.16E+16 100.0%

Percentage 41.1% 44.4% 0.03% 0.1% 14.3% 100.0%

Table B4
Estimated Fecal Coliform Sources in IRW (Oklahoma & Arkansas)

Estimated Total Fecal Coliform from All Sources  by County (CFU/day)

Estimated Total Fecal Coliform per Livestock Type by County (CFU/day)
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2002 (unless otherwise noted) USDA county agricultural census

County
Cattle & Calves-

all

Hogs & Pigs 
(Benton & 

Delaware 1997 Broilers

Turkeys (1997 for 
Adair & 

Delaware; 1978 
for Sequoyah)

Horses & 
Ponies

Sheep & 
Lambs

Layers 
(1982 for 
Cherokee)

Pullets (1997 for 
Cherokee)

Poultry 
(broilers, 

layers

Numbers used
Sales only 

divided by 2
Inv + Sales 

divided by 2
Sales only 

divided by 5
Sales only 

divided by 2 Inv only Sales only
Inv + 
Sales

Inv + Sales 
divided by 2.5

Adair 17087 29536 2588549 154250 2077 544 949124 358736.4 3537673    ANIMALS ON ANY GIVEN DAY
Benton 27,086 113504 25,613,322 2073239 3570 731 2228954 901890 27842275.8
Cherokee 12591.5 663 718,801 262,327 2591 182 36575 70338 755376.2
Delaware 20125.5 123881 7430987 193301.5 2953 387 1411643 447482.8 8842630
Sequoyah 11726.5 959.5 205021 51250 3547 66 177181 110531.6 382202
Washington 26405.5 110140 21,978,106 1470501 4963 685 4865575 873153.6 26843681

Total 115022 378683.5 58534786 4204868 19701 2595 9669052 2762132.4 68203838

2002 (unless otherwise noted) USDA county agricultural census
DENSITIES (animals/acre of pastureland in one year)

County Acres of pasture
Cattle & Calves-

all Hogs & Pigs
Poultry (broilers 

and layers
Horses & 

Ponies
Sheep & 
Lambs

Ducks and 
Geese Pullets Turkey

Adair 142120 0.1202 0.2078 24.8922 0.0146 0.0038 2.5242 1.0854
Benton 247726 0.1093 0.4582 112.3914 0.0144 0.0030 3.6407 8.3691
Cherokee 186520 0.0675 0.0036 4.0498 0.0139 0.0010 0.3771 1.4064 OBTAIN DENSITY BY DIVIDING ANIMALS/DAY
Delaware 219868 0.0915 0.5634 40.2179 0.0134 0.0018 2.0352 0.8792 BY PASTURE (ACRES)
Sequoyah 203569 0.0576 0.0047 1.8775 0.0174 0.0003 0.5430 0.2518
Washington 253091 0.1043 0.4352 106.0634 0.0196 0.0027 3.4500 5.8102
Adair and Cherokee 
average 0.0939 0.1057 14.4710 0.0143 0.0024 1.4506 1.2459

2002 (unless otherwise noted) USDA county agricultural census
Number of animals in one year

Acres of pasture
Cattle & Calves-

all Hogs & Pigs
Poultry (broilers 

and layers)
Horses & 

Ponies 
Sheep & 
Lambs 

Ducks and 
Geese Pullets Turkey

County in IRW
Adair 113515 13648 23591 2825633 1659 435 286532 123204
Benton 111484 12189 51080 12529845 1607 329 405877 933019
Cherokee 66465 4487 236 269173 923 65 25064 93478
Delaware 19710 1804 11105 792695 265 35 40114 17328
Sequoyah 17232 993 81 32353 300 6 9356 4338
Washington 154380 16107 67183 16374061 3027 418 532605 896974

8-digit basin
121700-03 (Adair & 
Cherokee) 53225 4996 5625 770219 759 128 77210 66312 DENSITY x PASTURE = IRW FIGURES
121700-04 (Adair & 
Cherokee) 28587 2683 3021 413682 407 69 41470 35616
121700-05 (Adair & 
Cherokee) 74200 6965 7842 1073748 1058 178 107638 92445
121700-06 (Delaware) 15001 1373 8452 603309 201 26 30531 13188

2002 (unless otherwise noted) USDA county agricultural census
Cattle & Calves-all Hogs & Pigs Broilers and layers Horses & Ponies Sheep & Lambs Ducks and Geese

FC production/day 6.8E+7 org/day 9.3E+7 org/day

Number of 
animals

Total FC 
(organisms/day
)

Number of 
animals

Total FC 
(organisms/day)

Number of 
animals

Total FC 
(organisms/da
y)

Number of 
animals

Total FC 
(organisms/day
)

Number of 
animals

Total FC 
(organisms
/day)

Number of 
animals

Total FC 
(organisms
/day)

Number of 
animals

Total FC 
(organisms
/day)

Number of 
animals

Total FC 
(organisms
/day)

County in IRW
Adair 13648 1.42E+15 23591 2.55E+14 2825633 3.84E+14 1659 6.97E+11 435 5.22E+12 286532 1.9484E+13 123204 1.1125E+13
Benton 12189 1.27E+15 51080 5.52E+14 12529845 1.70E+15 1607 6.75E+11 329 3.95E+12 405877 2.76E+13 933019 8.4252E+13
Cherokee 4487 4.67E+14 236 2.55E+12 269173 3.66E+13 923 3.88E+11 65 7.80E+11 25064 1.7044E+12 93478 8.4411E+12
Delaware 1804 1.88E+14 11105 1.20E+14 792695 1.08E+14 265 1.11E+11 35 4.20E+11 40114 2.7278E+12 17328 1.5647E+12
Sequoyah 993 1.03E+14 81 8.77E+11 32353 4.40E+12 300 1.26E+11 6 7.20E+10 9356 6.3621E+11 4338 3.9172E+11
Washington 16107 1.68E+15 67183 7.26E+14 16374061 2.23E+15 3027 1.27E+12 418 5.02E+12 532605 3.6217E+13 896974 8.0997E+13

Total 5.12E+15 1.66E+15 4.46E+15 3.27E+12 1.55E+13 8.84E+13 1.87E+14
8-digit basin

121700-03 
(Adair & Cherokee) 4996 5.20E+14 5625 6.08E+13 770219 1.05E+14 759 3.19E+11 128 1.54E+12 77210 5.2503E+12 66312 5.988E+12
121700-04 
(Adair & Cherokee) 2683 2.79E+14 3021 3.26E+13 413682 5.63E+13 407 1.71E+11 69 8.28E+11 41470 2.82E+12 35616 3.2161E+12
121700-05 
(Adair & Cherokee) 6965 7.24E+14 7842 8.47E+13 1073748 1.46E+14 1058 4.44E+11 178 2.14E+12 107638 7.3194E+12 92445 8.3478E+12
121700-06 (Delaware) 1373 1.43E+14 8452 9.13E+13 603309 8.21E+13 201 8.44E+10 26 3.12E+11 30531 2.0761E+12 13188 1.1909E+12

Total IRW
Cattle & Calves 5.12E+15
Hogs & Pigs 1.66E+15
Broilers & Layers 4.46E+15
Horses & Ponies 3.27E+12
Sheep & Lambs 1.55E+13
Ducks & Geese Have not been able to determine number of animals in counties
Pullets 8.84E+13
Turkeys 1.87E+14

Broilers, layers, pullets, 
turkeys 4.74E+15 Pullets estimated to release half as much FC as grown chickens
Cattle & Calves 5.12E+15
All other livestock 6.79E+15

SOURCES: EPA.GOV/MRLC/NLCD-2001.HTML, CANADIAN RIVER TMDL, 2002 USDA CENSUS 
Note: FC Counts/day were obtained from the 1999 study by the American Society of Agricultural Engineers (ASAE)

Turkey
1.20E+10 org/day

Total FC/day
2002 USDA Census Data

Pullets
1.04E+11 org/day 1.08E+10 org/day 1.36E+8 org/day 4.20E+8 org/day

Table B5

1.20E+10 org/day
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StationID Collection Date Bacteria

EOF01 5/23/05 E. coli 110,000 MPN* / 100ml
EOF01 5/23/05 Enterococcus Group ≥ 1,600,000 MPN* / 100ml
EOF01 5/23/05 Fecal Coliform 110,000 MPN* / 100ml
EOF01 5/23/05 Total Coliform ≥ 1,600,000 MPN* / 100ml

EOF-EOF1 6/17/06 Total Coliform 760,000 MPN* / 100ml
      
EOF02 5/23/05 Enterococcus Group 500,000 MPN* / 100ml
EOF02 5/23/05 Fecal Coliform 1,600,000 MPN* / 100ml
EOF02 5/23/05 Total Coliform ≥ 1,600,000 MPN* / 100ml

EOF15 6/2/05 Total Coliform 160,000 MPN* / 100ml

EOF16 6/5/05 Total Coliform 170,000 MPN* / 100ml

EOF17 6/5/05 Total Coliform 220,000 MPN* / 100ml

EOF07 6/5/05 Total Coliform 110,000 MPN* / 100ml

EOF20 6/5/05 E. coli 300,000 MPN* / 100ml
EOF20 6/5/05 Enterococcus Group 300,000 MPN* / 100ml
EOF20 6/5/05 Fecal Coliform 300,000 MPN* / 100ml
EOF20 6/5/05 Total Coliform ≥ 1,600,000 MPN* / 100ml

EOF18 6/5/05 Total Coliform 130,000 MPN* / 100ml

EOF-SPREAD023 4/25/06 E. coli 400,000 MPN* / 100ml
EOF-SPREAD023 4/25/06 Enterococcus Group 180,000 MPN* / 100ml
EOF-SPREAD023 4/25/06 Fecal Coliform 400,000 MPN* / 100ml
EOF-SPREAD023 4/25/06 Total Coliform 760,000 MPN* / 100ml

EOF-SPREAD029 4/25/06 Total Coliform 140,000 MPN* / 100ml

EOF-SPREAD007 4/25/06 Total Coliform 110,000 MPN* / 100ml

EOF-SPREAD060 4/29/06 Total Coliform 180,000 MPN* / 100ml
EOF-
SPREAD053E 4/29/06 Enterococcus Group 270,000 MPN* / 100ml
EOF-
SPREAD017A 5/1/06 E. coli 760,000 MPN* / 100mlEOF-
SPREAD017A 5/1/06 Enterococcus Group 1,200,000 MPN* / 100mlEOF-
SPREAD017A 5/1/06 Fecal Coliform 760,000 MPN* / 100mlEOF-
SPREAD017A 5/1/06 Total Coliform 1,200,000 MPN* / 100ml
EOF-
SPREAD053G 5/4/06 Enterococcus Group 180,000 MPN* / 100mlEOF-
SPREAD053G 5/4/06 Total Coliform 540,000 MPN* / 100ml

EOF-SPREAD064 5/4/06 E. coli 540,000 MPN* / 100ml
EOF-SPREAD064 5/4/06 Enterococcus Group 1,200,000 MPN* / 100ml
EOF-SPREAD064 5/4/06 Fecal Coliform 540,000 MPN* / 100ml
EOF-SPREAD064 5/4/06 Total Coliform 760,000 MPN* / 100ml

EOF-SPREAD048 5/9/06 E. coli 140,000 MPN* / 100ml
EOF-SPREAD048 5/9/06 Enterococcus Group 180,000 MPN* / 100ml
EOF-SPREAD048 5/9/06 Fecal Coliform 140,000 MPN* / 100ml
EOF-SPREAD048 5/9/06 Total Coliform 400,000 MPN* / 100ml

EOF-SPREAD010 5/9/06 E. coli 180,000 MPN* / 100ml
EOF-SPREAD010 5/9/06 Enterococcus Group 540,000 MPN* / 100ml
EOF-SPREAD010 5/9/06 Fecal Coliform 180,000 MPN* / 100ml
EOF-SPREAD010 5/9/06 Total Coliform > 1,200,000 MPN* / 100ml

EOF-SPREAD071 5/10/06 Enterococcus Group 140,000 MPN* / 100ml
EOF-
SPREAD073B 6/18/06 E. coli 1,200,000 MPN* / 100mlEOF-
SPREAD073B 6/18/06 Enterococcus Group > 1,200,000 MPN* / 100mlEOF-
SPREAD073B 6/18/06 Fecal Coliform 1,200,000 MPN* / 100mlEOF-
SPREAD073B 6/18/06 Total Coliform > 1,200,000 MPN* / 100ml

EOF-SPREAD023 6/18/06 Fecal Coliform 180,000 MPN* / 100ml
EOF-SPREAD023 6/18/06 Total Coliform 760,000 MPN* / 100ml

EDGE-OF-FIELD WATER SAMPLES EQUIVALENT TO RAW SEWAGE SPILLS

Bacterial Growth

Table B6
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TABLE T1
Disinfection Byproducts in IRW Water Supplies

(# of exceedances/total # of samples)
Dibromochloromethane Bromodichloromethane TTHM HAA5

MCLG Risk-baseda Risk-basedb Risk-basedb MCL MCL
(70 µg/L) (0.17 µg/L) (0.9 µg/L) (1 µg/L) (80 µg/L) (60 µg/L)

Adair Co. RWD#5 0/18 12/18 8/16 11/16 0/16 0/11
Burnt Cabin RWD 4/16 16/16 3/11 8/11 3/12 2/9
Cherokee Co. RWD #2 9/51 50/51 39/42 42/42 9/42 2/18
Cherokee Co. RWD #13 5/34 34/34 10/24 23/24 4/26 1/15
East Central OK Water Authority 2/44 43/44 21/30 30/30 4/30 5/16
Fin & Feather Resort 0/18 17/18 7/8 8/8 0/8 0/5
Flintridge POA 0/22 15/22 16/17 17/17 0/17 0/10
Gore PWA 1/18 17/18 4/15 15/15 1/18 7/15
LRed (Chicken Creek) 1/23 21/23 0/14 6/14 1/14 0/10
LRed (Lakewood) 1/16 11/16 1/9 5/9 1/9 1/8
LRed (Wildcat) 1/19 18/19 4/10 6/10 0/11 1/6
LRed (Woodhaven) 4/24 24/24 5/15 15/15 3/16 3/10
Pettit Mt. Water 1/20 19/20 5/7 7/7 1/7 0/2
Sequoyah Co. RWD #5 2/28 28/28 21/22 22/22 2/22 4/17
Sequoyah County WA 10/72 71/72 25/60 60/60 8/64 0/36
Tahlequah PWA 4/345 297/345 62/133 124/133 10/148 6/107
Tenkiller Aqua Park 2/25 23/25 12/13 13/13 4/13 0/4
Tenkiller Utility Co. 4/23 22/23 15/19 18/19 5/19 3/14

Total 51/816 738/816 258/465 430/465 56/492 35/313
% Exceedances 6.3% 90.4% 55.5% 92.5% 11.4% 11.2%

a U.S. EPA Region 6 health-based screening level
b Risk-based values listed in Stage 2 DBP Rule
MCL and MCLG as listed in Stage 2 DBPRule
Source: Oklahoma Department of Environmental Quality
TTHM-Total Trihalomethanes
HAA5- Haloacetic acids
IRW- Illinois River Watershed

Chloroform
Public Water System using IRW 
waters as a source
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TABLE T2
Disinfection Byproducts in Selected IRW Water Supplies

(# of exceedances/total # of samples)

LOCATION
Dibromo- 

chloromethane
(µg/L)

Dichloroacetic 
acid 

(µg/L)

Trichloroacetic 
acid

(µg/L)
TTHM 
(µg/L)

HAA5 
(µg/L)

70
MCLG 

0.17
Screening level

0.18
Screening level

1
Risk based 

0.9
Risk based

0.7
Risk based 

20
MCLG

80
MCL

60
MCL

Cherokee RWD #2

Treatment Plant 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

Jimmy Houston 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

John Bates 1/3 3/3 3/3 3/3 3/3 3/3 0/3 2/3 0/3

Keys Fire 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

Maurice 0./3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3
Gore PWA

ACOE Office 0/3 3/3 3/3 3/3 3/3 3/3 1/3 0/3 0/3

City Complex 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

Gore HS 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

Marval Trout Resort 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3

Treatment Plant 0/3 3/3 3/3 3/3 3/3 3/3 0/3 0/3 0/3
Tahlequah

Dano's 0/3 3/3 3/3 3/3 3/3 3/3 1/3 0/3 0/3

EZ-Mart 0/3 3/3 3/3 3/3 3/3 3/3 1/3 1/3 1/3

Treatment Plant 0/3 3/3 3/3 3/3 3/3 3/3 1/3 0/3 1/3

Wellington Store 0/3 3/3 3/3 3/3 3/3 3/3 1/3 0/3 0/3

WPC Plant 1/3 3/3 3/3 3/3 3/3 3/3 1/3 3/3 1/3

Ratio of Exceedances 2/45 45/45 45/45 45/45 45/45 45/45 6/45 6/45 3/45

Percent Exceedances 4.4 % 100 % 100 % 100 % 100 % 100 % 13.3 % 13.3 % 6.7 %
Source: CDM, 2007

Chloroform 
(µg/L)

Bromodichloromethane 
(µg/L)
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TABLE T3
Trihalomethane Forming Potential (THMFP)

May 2005-August 2007

Average THMFP reported as CHCl3 (µg/L)
(ranges) 

Tahlequah Cherokee Co. RWD #2 Cherokee Co. RWD #13 Gore PWA Adair Co. RWD #5

84.5*
(32.4-184.4)

165.1*
(20.7-405.4)

149.5*
(18.3-228.3)

135.1*
(14-221.8)

59.3
(21.8-136.1)

* Exceeds EPA drinking water standard of 80 µg/L for Total Trihalomethanes

Case 4:05-cv-00329-GKF-PJC     Document 2180-11 Filed in USDC ND/OK on 06/05/2009     Page 95 of 114



Table C1.  Lake Tenkiller 
Chlorophyll a (µg/L) 

Station
LK-01 LK-02 LK-03 LK-04

5/18/05 No data 11.2 28.6 No data
6/2/05 15.5 12.2 11.4 No data
6/15/05 9.4 14.5 26.8 No data
6/29/05 4.1 5.8 14 No data
7/12/05 8.8 10.2 15.8 No data
7/26/05 4.2 12 19.1 36.1
8/9/05 9.5 13.8 9.7 14.9
8/23/05 11.4 11.8 12.5 62.8
9/7/05 10.2 10.6 9.9 17
9/20/05 7.6 9.4 8.3 133.3
10/4/05 4.3 7.3 12.8 42.6
11/16/05 6.4 5.3 9.5 0.6
3/28/06 1.4 1.7 45.8 0.6
4/6/06 3.4 0.7 16.7 1.6
4/18/06 0.6 1.1 11.5 9.5
5/2/06 1.1 2 5.3 1.2
5/16/06 2.1 12.8 20 9.8
6/1/06 5 17 19.7 20.2
6/14/06 4.1 9.8 12.5 26.2
6/27/06 4.6 9.3 15.7 39.7
7/13/06 4.7 6.1 5.8 24.4
6/12/07 14.6 11.7 24.4 26.1
7/17/07 6.2 6.8 16.3 22.9
8/29/07 7.8 5.4 10.2 24.6

Average 6.4 8.7 15.9 27.1

Source: CDM, 2008

Date
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TABLE C2
Exceedances of WHO Guidelines on Lake Tenkiller Reservoir*

WHO Guidance Cells/mL Lake Tenkiller

Low probability of adverse health effects 20,000 58%a

Moderate probability of adverse health effects 100,000 24%b

High probability of adverse health effects Visible scums One sample greater than 1,000,000 cells/mL

*OWRB 2004, 2005; CDM 2006, 2007
aPercentage of samples greater than 20,000 cells/mL
bPercentage of samples greater than 20,000 that are also greater than 100,000 cells/mL
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TABLE C3
Army Corps of Engineers Data

Total Cyanobacteria expressed as Biovolume (µm3/mL)
Location 4/26/01 5/24/01 6/21/01 7/26/01 8/16/01 9/20/01 10/18/01 11/15/01 1/28/02 3/14/02 4/11/02

Dam 253,688 41,245 8,714,700 10,227,215 23,046,105 6,311,574 535,773 367,880 30,381 27,140 No data
Buckhorn No data 309,162 14,386,980 13,450,149 50,203,158 10,874,913 1,695,290 62,500 97,009 345,334 106,312

Carlile 255,818 1,725,624 13,307,413 41,444,830 70,874,631 4,902,506 2,767,424 798,375 130,724 119,989 21,163
Cherokee 4,840 551,682 16,830,542 53,168,181 15,354,976 2,726,043 2,865,366 571,542 12,559,751 69,779 38,763

Location 5/9/02 6/12/02 7/10/02 8/8/02 9/13/02 10/17/02 11/14/02 1/28/03 3/13/03 4/17/03 5/6/03
Dam 267,769 11,595,678 35,319,545 60,231,258 18,827,278 6,009,327 129,864 595,551 838,341 4,692 30,931

Buckhorn 33,889 10,811,846 40,637,254 61,208,057 41,480,143 7,003,648 1,424,175 450,939 1,095,037 35,632 72,850
Carlile 498,294 13,663,420 47,116,087 54,752,131 41,137,780 1,995,079 681,046 303,610 158,971 78,450 629,569

Cherokee 1,098,711 12,664,686 No data 14,011,676 35,633,410 9,139,743 50,819 37,813 35,437 1,171,449 4,487,341

Location 6/1/03 7/8/03 8/4/03 9/8/03 10/9/03 11/13/03 5/12/04 6/16/04 7/14/04 8/12/04 9/20/04
Dam 216,294,706 146,539,063 556,117,872 296,091,837 167,799,435 95,396,609 377,696 6,925,795,238 2,493,446,100 7,530,096,500 1,883,080,000

Buckhorn 197,986 1,381,561,856 421,182,708 2,164,205,239 572,656,250 906,832 319,520,000 6,143,000,000 8,455,895,238 2,156,877,900 5,236,800,000
Carlile 78,045,806 2,712,078,947 6,569,702,381 1,487,762,500 756,706,206 1,239,297,354 No data 3,891,750,000 9,695,095,238 3,304,300,000 8,454,024,900

Cherokee 351,122 3,886,962,206 3,937,724,311 60,802,075,714 4,009,435,897 896,374 425,973,600 7,944,580,800 10,335,098,300 5,710,053,600 10,894,444,500
Source: ACoE
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Clear Cr.

Illinois River

Impaired River Segments: ID (miles) Name
OK121700030010_00  (7.7) Illinois River
OK121700030040_00  (6.2) Tahlequah Creek (Town Branch)
OK121700030080_00  (31.5) Illinois River (Omitted from 2006 303d list)
OK121700030350_00  (5.2) Illinois River
OK121700050010_00  (23.3) Illinois River, Baron Fork
OK121700050090_00  (15.0) Tyner Creek
OK121700050120_00  (10.3) Peacheater Creek
OK121700060010_00 (13.0) Flint Creek
OK121700060080_00  (4.1) Sager Creek

2006 303(d) Impaired Streams for Bacteria
in the Illinois River Watershed 

of Oklahoma
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Figure B2

EPA’s Logarithmic Exposure – Response Model

 (Increasing Indicator Organism Numbers )

Adapted from USEPA Implementation Guidance for Ambient Water Quality Criteria for Bacteria
(2003)
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Figure B3. Land Application of Poultry Waste Vs. Illinois River Recreation Use
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Figure B4. Rainfall vs. River Floaters vs. Monthly % Land Application
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PA-NLR

PA-E-U

PA-R-D

PA-R-U

PA-FC2
PA-FC1

PA-BF3
PA-BF2

PA-NH-D

PA-PH-D
PA-PH-U

PA-RH-U
PA-IRI-D

PA-IRI-U

PA-NH-U

Public Access Sites
No Exceedances

Exceedances
Impaired River Segments: ID (miles) Name

OK121700030010_00  (7.7) Illinois River
OK121700030040_00  (6.2) Tahlequah Creek (Town Branch)
OK121700030080_00  (31.5) Illinois River (Omitted from 2006 303d list)
OK121700030350_00  (5.2) Illinois River
OK121700050010_00  (23.3) Illinois River, Baron Fork
OK121700050090_00  (15.0) Tyner Creek
OK121700050120_00  (10.3) Peacheater Creek
OK121700060010_00 (13.0) Flint Creek
OK121700060080_00  (4.1) Sager Creek

Bacterial Exceedances at Public Access 
Locations in the Illinois River Watershed 
of Oklahoma
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Locations of Water Wells
in the Illinois River Watershed

Source: 
Oklahoma Water Resources Board
Arkansas Geological Survey

Arkansas wells: 1,846

Well Type Number
Commercial 21
Domestic 1,679
Industrial 2
Institutional 6
Irrigation 4
Public Water Supply 5

Oklahoma wells: 1,717
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Eighteen Currently Active Public Water Supply Systems Whose Source is Within the IRW
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Figure T3.  CDM TTHM/HAA5 Sampling locations
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CDM and OWRB Sampling Locations 
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Army Corps of EngineersCyanobacteria Sampling Locations




